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Familial and sporadic inflammatory bowel disease: comparison of clinical 
features and serological markers in a genetically homogeneous population. 

Halme L, Turunen U, Helto T, Paavola P, Walle T, Miettinen A , Jarvinen H , Kontula K . Farkkila M . 

Dept of Surgery, Helsinki University Hospital, Finland. Ieena.halme@hus.fi 

BACKGROUND: The familial occurrence of inflammatory bowel disease (IBD) and the clinical features of familial 
and sporadic IBD in the genetically homogeneous Finnish population are evaluated. METHODS: 257 patients with 
Crohn disease (CD) and 436 with ulcerative colitis (UC) participated in the study. They were asked whether IBD 
was present (familial IBD) or absent (sporadic IBD) in their first-degree relatives. Data on the clinical course of the 
disease were collected from the patient records. Antibodies to Saccharomyces cerevisiae (ASCA) and anti- 
neutrophil cytoplasmic antibodies (ANCA) were determined from serum samples. RESULTS: Affected first-degree 
relatives were found in 15.6% of patients with CD and in 13.8% of patients with UC. In familial cases CD was 
more often located in the ileum (38% versus 21%) and less often in the ileocolon (35% versus 50%) (P< 0.05) 
than in sporadic cases. A greater percentage of CD patients than UC patients were smokers (47% versus 13%; P 
< 0.01 ). An elevated level of IgA and/or IgG antibodies for ASCA was found more often in CD patients than in UC 
patients (59% versus 14%; P < 0.01), while pANCA were found more often in UC than in CD patients (48% versus 
12%; P < 0.01). The combination of pANCA-ASCA+ yielded a sensitivity, specificity and positive predictive value 
of 48%, 92% and 90%, respectively, for CD, and the combination of pANCA + ASCA- of 55%, 94% and 90%, 
respectively, for UC. CONCLUSIONS: The percentage of familial IBD cases in Finland is comparable to that 
reported elsewhere in Europe. No important clinical differences between patients with familial and sporadic forms 
of the disease were found. ASCA is associated with both familial and sporadic CD and pANCA with UC, but low 
sensitivity diminishes their value as a serological marker of IBD or as a differential diagnostic test between CD 
and UC. 



□ 1: MLO Med Lab Obs. 2001 Nov:33M1):8-15: quiz 16-9. 
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Serologic markers in inflammatory bowel disease (IBD). 

Nakamura RM . Barry M . M ^ Medico,/ l&hofcccbfiy 

Prometheus Laboratories, San Diego, CA, USA. 

Inflammatory bowel disease (IBD) is a generic term that refers to Crohn's disease and ulcerative colitis. 
Crohn's disease (CD) is a granulomatous enteritis which can involve the ileum, colon, and other parts of 
the intestinal tract. The serologic responses seen in Crohn's disease include antibodies to Saccharomyces 
cerevisiae, mycobacteria, bacteroides, listeria and E. coli. Many of these organisms may be involved in the 
pathogenesis of the Crohn's disease. Ulcerative colitis is characterized by inflammation of the mucosa and 
submucosa of the large intestine. The CD and UC are considered to be distinct forms of IBD; however, 
there is a subgroup of CD with a UC-like presentation. In recent years, several serologic markers have 
been found to be useful for the diagnosis and differentiation of CD and UC. These markers include the 
following antibodies (^U^ANCA. (b> ASCA. fcV pancreatic antibody, and (d) OmpC antibody. The 
application of a panel Wm^Ws ^Kfi ffil use^Sr an algorithm can identify specific subtypes of IBD that 
have different clinical courses and progression of the diseases. The application of the serologic markers is 
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nflammatory bowel disease (IBD) is a generic term that refers 
to Crohn's disease and ulcerative colitis. IBD is prevalent in 
I children as well as adults. Crohn's disease (CD) is a granulo- 
matous enteritis which may involve the ileum, colon, and other parts 
of the intestinal tract Crohn's disease was first reported by Burrill 
Crohn and his colleagues in 1922 and was called regional ileitis. 1 
Crohn's disease is diagnosed in at least four patients per 100,000 in 
the United States, and the incidence and prevalence is rising/ 

Ulcerative colitis (UC) is a chronic disease of unknown etiol- 
ogy characterized by inflammation of the mucosa and suhmucosa 
of the large intestine. The inflammation usually involves the rec- 
tum down to the anal margin and extends proximal ty in the colon 
for a variable distance. Ulcerative colitis may have a prevalence 
of about 100 cases per 100,000 population in the United States. 3 

Overlap of Crohn's disease and ulcerative colitis 

Crohn's disease (CD) and chronic ulcerative colitis (UC) 
are generally considered to be distinct forms of inflamma- 
tory bowel disease (IBD). However, the symptoms and clini- 
cal presentations of CD and UC commonly overlap, and 
the diagnostic differentiation of cases limited to the large 
intestine may be problematic. 4,5 There is a subgroup of cases 
of CD with a UC-like presentation that illustrates the simi- 
larity of CD and UC. 5 " 7 A patient who may have been ini- 
tially diagnosed as having UC may over time be considered 
as a case of CD in view of extension of the diseased 

Today, new and improved therapeutic modalities are 
available for CD and UC. As these various cases of IBD 
are treated with different types of therapeutic agents, it is 
important to correctly diagnose IBD and to differentiate 
CD from UC. 

What is classically termed Crohn's disease (CD) may 
represent a heterogeneous group of diseases manifesting 
similar features. UM 3 A recent study suggests that Crohn's 
patients may have a heterogeneous serological response 
to specific bacteria and bacterial related antigens. 14 The 
jpserologic responses seen in Crohn 's patients include an- 
1 tibodies to Saccbaroniyces cerevisiae, mycobacteria, bacteriodes, 
^ listeria, and E. coli. 
^^-Many of the specific organisms have been proposed to 
directly or indirectly contribute to the pathogenesis of 
Crohn's disease. 14 

Irritable bowel syndrome 

Irritable bowel syndrome (IBS) is the most common func- 
tional disorder of the gastrointestinal tract. The hallmark 
of IBS is abdominal pain or discomfort associated with a 
change in the consistency or frequency of stools. IS 16 IBS 
is differentiated from IBD, as IBD is associated with, an 
inflammatory response. IBS occurs, at a ^frequency of -8 
percent to 23 percent in adults in the Western world, 1016 
For IBS^there is at present no. specific diagnostic labora- 
■ ; tory test and there is an ateencie of definite biological 
/ ;marte is based on a constellation 

; ofes^nptoins^ An intemati<§nj^ de-^ 
"■ ifv^lgped crifer|| for IBS' 'i^^^^^^^^'^^ 




Immune markers associated with IBD 

During the past few years, several investigators have iden- 
tified diagnostic serological markers for UC and CD. Drs. 
S. Targan and J. Braun and their respective groups of in- 
vestigators have made a significant contribution. The se- 
rologic markers discussed below have been found to be 
useful for the diagnosis and differentiation of CD and 
UC. In addition, a panel of markers with use of an algo- 
rithm can identify specific subtypes of IBD that have dif- 
ferent progressions and clinical courses. Thus, the panel 
of serologic markers are useful for diagnosis and man- 
agement of CD and UC patients. 

Classification of serum immune markers in IBD 

Currently the following serum immune markers have 
found to be useful for diagnosis and management of 
IBD: 1 * 23 (see Chart 1) 

DDeoxyribonuclease (DNase I) sensitive perinuclear 
antineutrophil cytoplasmic autoantibody (pANCA) as- 
sociated with IBD. The IBD associated pANCA de- 
fines an antibody to a nuclear antigen which is sensi- 
tive to DNase I. 

2) ASCA (Antx-Saccbaromyces cervisiae antibody). 21,26 This 
antibody is present in the serum of up to 70 percent of 
Crohn's disease patients. 

3) Pancreatic antibody. 27 29 This antibody is observed in 
approximately 30 percent of Crohn's disease patients. 
Two distinct staining patterns have, been reported. 

4) Anti-OmpC (outer membrane pbrin from E. coli)}*~" 
An IgA response to OmpC is seen in 55 percent of 
Crohn's disease patients. 

Significance of ANCAs 
(Anti neutrophilic cytoplasmic antibody) 
* ANCAs associated with vascular diseases 
(vasculitidies). ANCAs are autoantibodies directed 
against-the intrac^uiar components of the* neutrophils. 
. Over the past decade; ANCA has receiv^ considerable 
attention as it was seen in inflammatory vaknilitides. 32 * 35 
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Chartl 



CD COHORT 


ULCERATIVE COLITIS COHORT 


ASCA IgA % Cumulative 
Total Panel+ OmpC+ pANCA+ Detected % Detected 


T , £^ W % Cumulative 
Total Panek OmpC+ dANCA+ Detected % Detected 


Entire Cohort 175 95 54.9% 54.9% 

A CPA Oanol 7Q *>0 to rru m » pj 

HjuHranei- /a n 12.6% 57.4% 
ASCA Panel -/OmpC- 57 15 8.6% 76.0% 
ASCA Panel -/OmpC- 42 00% 760% 
/pANCA- 

Totat % detected: 76.1% 


Entire Cohort 100 68 68.0% 680% 
pANCAneg 32 2 2.0% 70.0% 
pANCA-/OmpC- 30 2 2% 720% 
pANWOmpC- 28 0.0% »M 

Total % detected: 72.0% 


IBD COHORT 


NORMAL IBS, DISEASE CONTROLS 


Entire Cohort 275 104 37.8% 37.8% 
ASCA Panel - 171 32 116% 49.5% 
ASCA Pane! -/OmpC- 139 69 25.1% 74.5% 
ASCA Panel -/OmpC- 70 0 0% 74.5% 
/pANCA- 

Total % detected: 74.5% 


Entire Cohort- 127 t 0 8% 0 8% 
ASCA Panel- 126 3 2.4% 31% 
ASCA Panel -/OmpC- 123 4 31% 63% 

AS ^Sl e,VOmpC - 119 0.0% 6.3% 
/pANCA- 

Total % detected: 5 3% 



phils is the second type of pattern noted. The pANCA 
pattern is the result of positively charged molecules that 
migrate to the edge of the nuclei of neutrophils. This 
phenomenon occurs after alcohol fixation of the sub- 
strate cells. The cytoplasmic granules redistribute around 
the nuclei, resulting in a pANCA pattern in case of an- 
tibodies to elastase, lactoferrin, cathepsin G, and 
myeloperoxidase. The pANCA pattern with myeloper- 
oxidase is significant since antibodies to myeloperoxi- 
dase may be seen in vasculitis. 36 Antibodies to serine pro- 
teinase 3 and myeloperoxidase may be specifically detected 
by an ELISA (enzyme linked immunosorbent assay). 

3 Association of ANCA with inflammatory bowel dis- 
ease. IBD associated ANCA was first reported in 1966 
by Faber and Eiiing, who described "leukocyte-specific 
antinuclear antibodies" in patients with Crohn's dis- 
ease and ulcerative colitis. 38 It is now clear that the 
granulocyte specific antinuclear antibodies are in fact 
pANCA.* 9 Many investigators have subsequently noted 
the association of pANCA with IBD. 510 - 25 59 The re- 
ported incidence of serum ANCA in UC patients was 
reported to be between 50 and 80 percent. 1923 Serum 
pANCA is believed to reflect mucosal pANCA pro- 
duction in some instances. Studies have shown that 
pANCA production takes place in the colonic mu- 
cosa. 19 * 20 It appears that the mucosal antigens lead to 
local production of pANCA in the intestinal tract. 

* pANCA associated with ulcerative colitis. The major- 
ity of adult patients with UC (60 percent to 80 percent) 
exhibit a positive test for pANCA. 19 Also pANCA has been 
observed in 83 percent of children. 19 Billing et al. have 
provided evidence that the pANCA antigen associated 
with UC is nuclear in location. 40 They studied the neu- 
trophil reaction with confocal and electron microscopy 
and demonstrated that the UC-associated pANGA reac- 
tion was localized primarily bver chromatin ^nceritratecl 
toward the periphery of the nuclei.* 0 The UC patients' 
sera also did not r^gnize double stranded DI^A. There 
may te'm^ mvblv^ m the: 



ing pattern is lost after the DNase I digestion of the sub- 
strate cells. In approximately 70 percent of the cases of 
UC, there is ablation of the pattern and antigen recogni- 
tion, and in up to 30 percent of the cases there is conver- 
sion to homogeneous cytoplasmic staining. 19 " 2 * In 3 per- 
cent of UC patients evaluated displaying p ANCA reactivity, 
the pANCA pattern was retained after DNase treatment 
of the substrate. 19 *" The retained pattern may represent 
concurrent antibodies present to cytoplasmic or nuclear 
antigens other than the UC associated pANCA antigen. 
ANCAs are present in the sera of 60 percent to 80 percent 
of patients with ulcerative colitis and 10 percent to 30 per- 
cent of patients with Crohn's disease. Eighty-three per- 
cent of children and adolescents with ulcerative colitis 
showed the expression of ANCA in their sera. 23 

Various studies have shown that UC patients with 
pANCA represent subpopulations which show produc- 
tion of pANCA. This may be consequence of a distinct 
mucosal inflammatory process. 

What does the expression of pANCA 
mean in patients with UC? 

The pANCA expression allows for stratification of the 
UC patients at the clinical and genetic levels. In adults, 
cl inically distinct subsets of UC have been observed based 
on the presence of ANCA/pANCA as these patients have 
a higher probability oft 

a Having left-sided ulcerative colitis which is more re- 
sistant to treatment than the usual case. 

* Having more aggressive disease. 

* Requiring surgery early in the course of the disease. 

» Developing pouchitis in UC following ileal pouch-anal 

anastomosis. 
» Having specific HLA markers. 

The serum pANCA in UC patients may reflect mucosal 
pANCA production. This suggests that recognition of 
mucosal antigens leads to local production of pANCA. 

Targan and Braun and co-workers have recently dem- 
onstrated the presence of specific bacterial and/or bacte- 





positive. These monoclonal antibodies cross react with 
bacterial antigens from E. coli and bacteriodcs.™ 

Segregation of pANCA by DNase I treatment to 
differentiate ulcerative colitis from Type I autoimmune 
hepatitis and primary sclerosing cholangitis 

UC associated ANCA yields a perinuclear staining pat- 
tern pANCA with methanol fixed neutrophils. pANCAs 
have been detected in the serum of patients with autoim- 
mune hepatitis (Type I AIH), primary sclerosing cholan- 
gitis (PSC), and other autoimmune liver diseases. 

The pANCA pattern has been identified in about 70 per- 
cent of ulcerative colitis (UC) patients. Also, the pANCA 
pattern with alcohol fixed neutrophils has been reported in 
92 percent of sera from patients with well-defined Type I 
autoimmune hepatitis. Furthermore, the pANCA pattern 
was noted in up to 70 percent of PSC patients. 

The pANCA associated with UC reactive antigen was 
associated with epitopes within the nuclei. In addition, 
the UC pANCA demonstrated loss of antigenic recogni- 
tion after DNase I enzyme digestion of neutrophils as a 
dominant feature. 

In direct contrast, the majority of Type I autoimmune 
hepatitis and PSC patients snowed a pANCA pattern rec- 
ognizing cytoplasmic constituents. Thus, the UC asso- 
ciated pANCA with epitopes within the nuclei is highly 
specific for inflammatory bowel disease. 45,46 

Association of serum pANCA with 
subgroup of Crohn's disease 

The serum pANCA are seen in 10 percent to 30 percent 
of patients who have diagnosed as having CD. 19 In CD, 
expression of pANCA identifies a subgroup of CD char- 
acterized as "ulcerative colitis-like" phenotype in which 
patients have clinical features of left-sided colitis with 
histopathologic features of UC. The serum immunoglo- 
bulin IgG (immunogloulin G) of pANCA positive CD 
patients is similar to the pANCA seen with UC patients. 
The presence of pANCA in both CD and UC suggests 
that there is a specific type of mucosal inflammation that 
may be common to CD and UC. 19 ' 22 ' 4 * 

The CD patients who are pACNA positive did not re- 
spond as well as the majority of CD patients to anti-TNF 
(tumor necrosis factor) monoclonal antibody therapy. On 
the other hand, 65 percent of Crohn's disease patients re- 
sponded well to anti-TNF monoclonal antibody therapy. 19 

High levels of pANCAin Crohn's disease patients were 
associated with later age of onset and an UC-like inflam T 
rnatory response, as well as a relative decreased incidence 
of fibrostenpsis and penetrating disease. 22 

Method of assay for serologic markers in IBD 
* Indirect j lm rminpfluorescence Assay for ANCA. 25 
; of nor- 



ered saline (PBS), and 100,000 cells were prepared on 
slides by cytocentrifugation. The slides were fixed in 
100 percent methanol at 4°C for 10 minutes, air dried, 
and stored at -20°C. After incubation of the sera on 
the slides for 20 minutes, the slides were washed in PBS 
and stained with fluorescein-labeled F(ab'), gamma- 
chain specific antibody. After washing, the slides were 
examined by fluorescence microscopy. 
» Formalin fixation and pitfalls in the assay for ANCA. 50 
The British Association of Clinical Pathologists suggested 
that formalin acetone fixation followed by absolute etha- 
nol may be useful to differentiate pANCA from ANA. 51 
This procedure has not been confirmed by international 
consensus. Lee et al. 52 suggested that formaldehyde vapor 
fixation may be used to detect conversion of pANCA (pat- 
tern noted by alcohol fixation) to the cytoplasmic pattern 
when myeloperoxidase antibodies were present. However, 
Lee et al. found that formalin acetone fixation gave in- 
consistent results. 52 Other studies have shown that for- 
malin fixation caused inconsistency, nonspecific effects and 
false positivity owing to enhanced fluorescence. 53 
In some cases neutrophils were incubated with the 
pANCA positive^era)and the F(ab'), gamma-chain spe- 
cific antibody before DNase I digestion of the slides. 

The pANCA which are DNase I sensitive are charac- 
teristically seen in UC patients and CD patients. When 
the pANCA pattern is observed in UC patients and treated 
with DNase I, in 70 percent there is ablation of antigen 
recognition, and in 30 percent there is conversion to a 
homogeneous pattern. 19 
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• Fixed neutrophil ELISA assay for ANCA. The assay 
has been described by Saxon et al. 25 The microtiter plates 
were coated with 2.5 x 10 5 meutrophils per well These 
were fixed in methanol for 10 minutes and allowed to air 
dry. lb minimize nonspecific binding, 0.25 percent bo- 
vine serum albumin was added as a blocking agent. 

The control patients' sera were added to different 
wells at dilution of 1:100. The neutrophil bound anti- 
body was detected by alkaline phosphatase conjugated 
goat anti-human IgG. After addition of p-nitrophenol, 
specific absorbance was read at 405 nm. The levels of 
ANCA are determined relative to a laboratory stan- 
dard expressed as ELISA Units (EU/mL). The stan- 
dard was obtained from sera of pANCA positive pa- 
tients with well-characterized UC. 
"ELISA assay for ASCA in CD patients. 2 - 48 The 
microtiter plates were coated with phqsphopeptido- 
mannans from the yeast Saccbaromyces cerevisiae ssp 
uvarum. The control and patients' serum samples were 
added to different wells at a 1:100 dilution. Bound anti- 
bodies were detected with goat anti-human IgG and IgA 
labeled with alkaline phosphatase. After adding p- 
nitrophenol, the specific absorbance was measured at 
405 nm. The absorbance of each serum sample was evalu- 
ated and assigned ELISA Units (EU/mL) values rela- 
tive to the absorbance of a pool of sera collected from 
well-characterized patients with CD. The standard pool 
was arbitrarily assigned the value of 100 EU/mL. The 
jv result of the CD diagnostic system panel determines 
elative positivity of IgA and IgG ASCA respectively. 

• IBD first step screen for ANCA, IgG ASCA IgA 
ASCA and IgA and OmpC. Prometheus Laborato- 
ries developed quantitative tests that detect serum mark- 
ers consistent with the presence of IBD. S4 This IBD 
First Step system consists of a set of four quantitative 
ELISA assays used together to detect ANCA, IgG 
ASCA IgA ASCA and IgA anti OmpC antibodies. The 
panel of assays shared a test sensitivity of 94 percent. 
The negative predictive value is greater than 95 per- 
cent when the data is modeled for an IBD prevalence 
commonly seen in a standard gastroenterology prac- 
tice of 15 percent. The tests have a high sensitivity, but 
a much lower specificity. The main purpose of the test 
panel is to help rule out the presence of IBD. The al- 
gorithm with use of the sensitive modified assay is 
shown in Chart 2. The algorithm can be applied to 

jchildren, adolescents and adults with IBD. 

ability of assays for ANCA and ASCA in differ- 
ent clinical laboratories. Sandbom, W, J. et aL* 5 con- 
ducted a study with the purpose of evaluating serologi- 
- cal markers in a population-based cohort- o^^^^^ 
' ; : with dceratfr^e 
v: iera w^^btame^ 

f \ tiCT ^Qfffi^M ^^l^f^ 
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1) The sensitivity of the ANCA assays varied widely in 
different laboratories. 

2) The prevalence of ASCA was similar in the various labo- 
ratories participating in the study. 

3) The positive predictive values of the ANCA and ASCA 
for the diagnosis and evaluation of UC or CD are high 
enough to be clinically useful. 

Antibodies associated with Crohn's disease 

Besides the pANCA that iden- 
tifies a subgroup population of 
Crohn's disease, there are sev- 
eral other antibodies that are 
associated with Crohn's dis- 
ease. These antibodies include 
Saccbaromyces cerevisiae anti- 
body (ASCA), pancreatic an- 
tibody, and antibody to OmpC 

(outer membrane porins isolated from E. coli bacteria). 



Crohn's disease of small intestine shows 
hyperemia and focal areas of ulceration. 



ASCA 

ASCA is a serum immune marker, which has been shown 
to be expressed in the majority of sera of CD patients."* 2349 
The ASCA antibodies have a high specificity for Crohn's 
disease. 2 -- 48 Serum ASCA is expressed in up to 70 percent 
of CD patients. 

Small bowel disease was present in almost all CD pa- 
tients who were positive for both IgA and IgG ASCA but 
negative for pANCA. The majority of patients in the sub- 
group may have signs of small bowel obstruction and 
perforating disease. The CD patients with IgA ASCA and 
IgG ASCA appear to have a more aggressive type of CD. 

The ASCA assay is performed by an ELISA method. It 
should be emphasized that negative tests of pANCA or 
serum ASCA do not rule out the presence and diagnosis 
of IBD. The positive tests provide evidence that the pa- 
tients with IBD should be evaluated farther. 48 - 52 

An ASCA ELISA with lower threshold was able to de- 
tect 90 percent of diagnosed Crohn's disease patients. 
When evaluated at the lower threshold to allow exclu- 
sion of IBD as a probable diagnosis for negative samples, 
a positive result must be followed up with more specific 
test to allow probable diagnosis of IBD. 52 

Pancreatic antibodies in Crohn's disease 
Pancreatic antibodies as detected by an indirect immuno- 
fluorescence test with human pancreas substrate occurred 
in 31 percent to 39 percent in Crohn's disease patients. 27 
Of 212 CD patients studies; 30 patients Sa^j^creatic 
antiboies characterizedLby a "drpp^like* florescence in 
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group of CD patients. The specific antigen reacting with 
the pancreatic antibody has not been identified. These 
antibodies were rarely seen to occur in family members 
of patients with Crohn's disease. 

The relevance of pancreatic antibodies in the patho- 
genesis of Crohn's disease is unclear. Stocker, et al. have 
reported that in patients with CD diagnosed for less than 
2.5 years, the prevalence of pancreatic antibodies was 25 
percent. However, if the CD existed longer than 2.5 years, 
the incidence of pancreatic antibodies was 46 percent. 

Whether the presence of pancreatic antibodies in CD iden- 
tifies a subgroup of Crohn's patients remains to be determined. 

The previous reports used a substrate of human type 
O negative pancreatic tissue. One may be able to employ 
primate pancreatic tissue substrate. Siebold, et al. have 
observed that pancreatic tissue from rats and mice showed 
immunofluorescent patterns similar to that observed in 
human. Extensive comparative data of humans and rat 
tissue runs waas not presented. 

OmpC antibody in Crohn's disease 
OmpC is an outer membrane porin antigen purified from 
E. coli.™ ELISA assay with human sera demonstrated el- 
evated IgG anti-OmpC in ulcerative colitis patients com- 



pared to healthy controls. 

Cohavy et al. 30 performed experiments on the hypoth- 
esis that pANCA identifies a bacterial antigen found in 
the human colonic mucosa. In these experiments a mono- 
clonal pANCA antibody was used.* 0 The ANCA mono- 
clonal antibody was cloned by a phage display method 
and characterized. 

The pANCA monooclonal antibody was reactive with 
bacterioides and E. coli antigens. The E. coli protein was 
biochemically and genetically identified as the outer mem- 
brane porin OmpC. 

In patients with Crohn's disease, IgA response to OmpC 
was found in 55 percent of 151 patients, 56 percent were 
seropositive to ASCA, and 24 percent were positive with 
the pANCA test. 

The serological response to the OmC and panel of anti- 
gens studies by Landers et al. 31 identified more Crohn's 
patients. There may be patient subsets of Crohn's that dem- 
onstrate variable responses to selected bacterial antigens. 

Summary 
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volve the ileum, colon, and other parts 
of the intestinal tract. The serologic 
responses seen in Crohn's disease in- 
clude antibodies to Saccharomyces 
cerevisiae, mycobacteria, bacteroides, list- 
eria and R coll Many of these organ- 
isms may be involved in the pathogen- 
esis of the Crohn's disease. 

Ulcerative colitis is characterized 
by inflammation of the mucosa and 
submucosa of the large intestine. 

The CD and UC are considered to 
be distinct forms of IBD; however, 
there is a subgroup of CD with a UC- 
like presentation. 34 
:r--7-> In recent years, several serologic 
T markers have been found to be useful 
for the diagnosis and differentiation 
of CD and UC. These markers in- 
clude the following antibodies (a) 
\ pANCA, (b) ASCA, (c) pancreatic 
antibody, and (d) OmpC antibody. 
The application of a panel of mark- 
ers with the use of an algorithm can 
identify specific subtypes of IBD that 
have different clinical courses and 
progression of the diseases. The ap- 
plication of the serologic markers is 
useful for diagnosis and management 
_ of CD and UC patients. □ 

Dr. Robert M. Nakamure serves as Laboratory 
Medical Director at Prometheus Laboratories in 
San Diego. CA. Mary Barry is vice-president of 
Operations at Prometheus Laboratories, a small 
volume laboratory serving gastrointestinal 
specialists throughout the U.S. 
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1. The most common functional disorder of the gastrointestinal 
Iract is 

a. ulcerative colitis 

b. inflammatory bowel disease 

c. irritable bowel syndrome 

d. pouch ileitis 

2. Irritable bowel syndrome is a readily diagnosed disease 
because of the presence of many specific biomarkers in the 
patient's serum. 

TRUE FALSE 

3. Genetic factors may play a roie in the development of 
inflammatory bowel disease. 

TRUE FALSE 

4. Crohn's disease (CD) is one type of 

a. ulcerative colitis 

b. inflammatory bowel disease 

c. irritable bowel syndrome 

d. pouch ileitis 

5. Crohn's disease can involve many portions of the intestinal tract 
TRUE FALSE 

6. A patient initially diagnosed as having ulcerative colitis may 
develop Crohn's disease over time due to extension of the 
disease. 

TRUE FALSE 

7. Antibodies to which of the following microorganisms have 
been noted in patients with Crohn's disease? 

a. bacteroides, listeria, Legionella, proteus 

b. Saccharomyces cerviciae, mycobacteria, E.coli, 
bacteroides 

c. Staphylococcus aureus, Campylobacter, Salmonella, 
enterococci 

d. Chlamydia trachomatis, Salmonella, Candida albicans, 
Giardia lamblia 

8. The incidence of ulcerative colitis remains relatively stable 
but the frequency of Crohn's disease is increasing. 

TRUE FALSE 



9. The "ROME criteria/' developed in an effort to standardize 
disease definition, are so-designated because they call for 
consideration of the patient's Rh blood group, obesity, 
mesocolic status, and results of an enterocentesis. 

TRUE FALSE 

10. Serum immune markers that have been identified as useful in 
the diagnosis and management of IB0 include ANCAs — 
autoantibodies to cytoplasmic components of 

a. pancreatic acinar cells 

b. neutrophils 

c. vascular endothelium 

d. hepatocytes 

11. Which of the following may be found in as many as 70 percent 
of Crohn's disease patients? 

a. Anti-OmpC 

b. ANA 

c. ANCA 

d. ASCA 

12. Most patients with ulcerative colitis test positive for 

a. ANCA 

b. ANA 

c. ASCA 

d. pancreatic antibodies 

13. The primary cytoplasmic antigen that triggers ANCA formation is 

a. elastase 

b. cathepsin G 

c. lactoferrin 

d. serine proteinase 3 

14. Production of pANCA takes place in the 

a. salivary glands 

b. gastric parietal cells 

c. pancreatic acini 

d. colonic mucosa 

15. Ulcerative colitis patients whose serum is positive for pANCA 

a. have a less aggressive form of the disease 

b. are less likely to respond to treatment 

c. seldom require surgical intervention 

d. are at increased risk of hepatitis A 

Continues on page 19 
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16. In IBD, the pANCA staining pattern is associated with 
antigens localized around the cell's 

a. nucleoli 

b. nucleus 

c. mitochondria 

d. lysosomes 

17. Crohn's disease patients who are pANCA positive 

a. have probably been misdiagnosed 

b. have CD but present with clinical features of ulcerative 
colitis 

c. are especially responsive to anti-TNF antibody therapy 

d. tend to experience only one episode and then heal 
spontaneously 

18. Ulcerative colitis predominantly affects the left side of the 
colon, while Crohn's disease tends to involve the right side of 
the colon and the ileum. 

TRUE FALSE 

19. The pANCA staining pattern has been noted in a high 
percentage of patients diagnosed with 

1} autoimmune hepatitis 

2) cirrhosis 

3) primary sclerosing cholangitis 

4) inflammatory bowel disease 

a. 1 and 2 

b. 2 and 4 

c. 1,2, and 4 

d. 1,3, and 4 

20. Crohn's disease patients who are positive for both IgA and IgG 
ASCA seem to 

a. have a more aggressive form of the disease 

b. respond more readily to treatment 

c. more frequently enter lengthy periods of remission 

d. be at reduced risk for pancreatic involvement 



21. pANCA that are DNase sensitive are typically seen in 
patients with 

1) Crohn's disease 

2) Ulcerative colitis 

a. 1 and 2 

b. 1 only 

c. 2 only 

d. neither t nor 2 

22. The presence of pancreatic antibodies in children and 
adolescents is highly predictive of an especially aggressive 
form of Crohn's disease. 

TRUE FALSE 

23. Antibodies to an £ coli outer membrane porin antigen 
detected in the serum of a Crohn's disease patient would 
likely belong to which class of immunoglobulins? 

a. IgA 

b. IgG 

c. IgM 

d. IgE 

24. Techniques that have proved useful in detecting serologic 
markers of IBO include all of the following EXCEPT 

a. ELISA 

b. indirect immunofluorescence 

c. diagnostic imaging 

d. DNase digestion of neutrophils 

25. Sensitivity of ANCA assays have been reported to vary 
widely among laboratories. 

TRUE FALSE 

26. The positive predictive values for IBD of assays for ANCA 
and ASCA are not high enough to be clinically useful at the 
present time. 

TRUE FALSE 
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1. a. b. c d. 

2 TRUE FALSE 

3. TRUE FALSE 

4. a. b. c. d. 



5. 
6. 
7. 
8. 



TRUE FALSE 
TRUE FALSE 
a. b. c. d. 
TRUE FALSE 



9. TRUE FALSE 

10. a. b. c. d. 

11. a. b. c. d. 

12. a. b. c. d. 



13. a. b. c. d. 

14. a. b. c. d. 

15. a. b. c. d. 

16. a.-b. c. d. 



17. a. b. c. d. 

18. TRUE FALSE 

19. a. b. c. d. 

20. a. b. c. d. 



21. a. b. c. d. 

22. TRUE FALSE 

23. a. b. c. d. 

24. a. b. c. d. 



25. TRUE FALSE 

26. TRUE FALSE 
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Antineutrophil Cytoplasmic Antibodies, Anti -Saccharomyces cerevisiae 
Antibodies, and Specific IgE to Food Allergens in Children 
with Inflammatory Bowel Diseases 

J. Bartunkova, I. Kolafova, A. Sediva, and E. Holzelova 

Institute of Immunology, Second Medical Faculty, Charles University, University Hospital Motol, Prague, Czech Republic 



Differential diagnosis between ulcerative colitis 
(UC) and Crohn's disease (CD) is difficult in the ini- 
tial phases in pediatric patients with inflammatory 
bowel diseases (IBD). This study was performed 
to determine the significance of anti neutrophil cy- 
toplasmic antibodies (ANCA) and anti- Saccharo- 
myces cerevisiae antibodies (ASCA) in IBD. ANCA 
were specified with regard to their antigenic spec- 
ifity, significance to the diagnosis, and correlation 
of titer with the disease activity. The occurrence 
of food allergy was questioned, too. Serum samples 
from 44 children with UC (n = 23) or CD (n = 21) 
and from disease-control children (coeliac disease, 
n = 21) were analyzed for IgG ANCA, ANCA target 
antigens, IgA and IgG ASCA, and IgE to food aller- 
gens. Results show that ANCA occur more frequently 
in UC than in CD and disease-control (74, 24, and 
10%, respectively). The presence of ANCA does not 
reflect disease activity. Antigenic specificity does 
not differ in any group. IgA-ASCA are found more 
often in patients with CD (76% versus 17% in UC). 
The testing for both ANCA and ASCA enabled clear- 
cut differential diagnosis between UC and CD 
based on the high specificity (ANCA* ASCA" 92.5% 
for UC, ANCA" ASCA* 93.2% for CD). Specific IgE 
to food allergens were found in 8.7, 14.3, and 23.8% 
of patients with UC, CD, and coeliac disease, re- 
spectively. We conclude that combined testing of 
ANCA and ASCA represents a valuable tool in the 
differential diagnosis between UC and CD in pediat- 
ric patients, minimizing invasive diagnostic pro- 
cedures. Monitoring of ANCA, its specificity, and 
titer determination does not bring more informa- 
tion. Testing for specific IgE to food allergens may 
be considered in individual patients, o 2002 Elsevier 

Science (USA) 

Key Words: anti-neutrophil cytoplasmic anti- 
bodies; anti- Saccharomyces cerevisiae antibodies; 
food allergy; inflammatory bowel diseases; 
children. 



INTRODUCTION 

Inflammatory bowel diseases (IBD) 1 represent a 
group of disorders of unknown etiology. Differential 
diagnosis between ulcerative colitis (UC) and Crohn's 
disease (CD) is difficult in the initial phases in pediat- 
ric patients with inflammatory bowel diseases. Non- 
organ-specific autoantibodies and other antibodies are 
associated with IBD, especially anti-neutrophil cyto- 
plasmic antibodies (ANCA). ANCA are autoantibodies 
reacting with cytoplasmic antigens of polymorphonu- 
clear leukocytes (PMN). Many ANCA target antigens 
have been identified, consisting mainly of components 
of primary granules of PMN, such as proteinase 3 
(PR3), myeloperoxidase (MPO), lactoferrin (LT), bacte- 
ricidal/permeability-increasing protein (BPI), and oth- 
ers (1-3). ANCA reacting with proteinase 3 are highly 
specific and sensitive diagnostic markers for primary 
vasculitis, Wegener's granulomatosis. Less specific are 
ANCA reacting with myeloperoxidase, which are found 
in another vasculitis, microscopic polyarteritis, but 
also in other autoimmune inflammatory conditions (4- 
6). Besides the classic diagnostic association with vas- 
culitides, ANCA have been shown to be a useful diag- 
nostic marker for distinguishing between Crohn's 
disease and ulcerative colitis in adult patients (7-9), 
even if no specific ANCA target antigen is associated 
with these diseases. Due to the relative rarity of in- 
flammatory bowel diseases during childhood, few stud- 
ies deal with the association of ANCA in inflammatory 
bowel diseases in children (10-12); rarely is ANCA 
specificity analyzed in pediatric IBD. 

hnXi-Sacharomyces cerevisiae antibodies (ASCA) are 
antibodies reacting with mannans forming part of the 
microbial cell wall. They have been detected in patients 
with inflammatory bowel diseases, most often in those 

1 Abbreviations used: UC, ulcerative colitis; CD. Crohn's disease; 
IBD. inflammatory bowel disease; IIF. indirect immunofluorescence; 
PMN. polymorphonuclear leukocytes; PR3. proteinase 3; MPO. my- 
eloperoxidase; BPI. bactericidal/permeability-increasing protein; LT, 
lactoferrin; ASCA, anti- Saccharomyces cerevisiae antibodies; ANCA, 
anti-neutrophil cytoplasmic antibodies. 
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suffering from Crohn's disease. Even if their patho- 
genic significance is not clear, they represent, alone or 
together with ANCA, a useful diagnostic marker in 
distinguishing Crohn's disease from ulcerative colitis 
in both children (13-15) and adults (16). 

Intestinal inflammation is considered to be one of 
predisposing factors to food allergy (17). To our knowl- 
edge, no studies have focused on the complex analysis 
of pediatric patients suffering from IBD with respect to 
the occurrence of ANCA and its target antigens, ASCA, 
and specific IgE to food allergens. 

PATIENTS AND METHODS 

We examined 44 pediatric patients with IBD (23 UC, 
21 CD, sex ratio (male/female) 14/7 UC, 11/12 CD, 
mean age 14.2 years for UC, 14.9years for CD). Twenty- 
one patients with coeliac disease (control group) with 
the presence of anti-endomysial antibodies repre- 
sented the control group. This group of patients was 
selected as a bowel disease control to exclude the pos- 
sibility that the investigated parameters could be only 
a marker of bowel inflammation. The patients' charac- 
teristics are summarized in Table 1. Diagnosis of UC 
and CD was established according to clinical, radiolog- 
ical, endoscopic, and histological criteria. 

ANCA were detected using indirect immunofluores- 
cence of ethanol-fixed granulocytes. Antigenic specific- 
ity of ANCA against BPI, MPO, and PR3 was examined 
by ELISA anti-BPI (Binding Site, UK), anti-MPO, anti- 
PR3 (Binding Site, UK), and anti-lactoferrin (Euroim- 
mun, Hamburg, Germany). Blood samples were col- 
lected repeatedly during the regular follow-up visits in 
an outpatient clinic during a 2-year period. ASCA in 
both isotypes IgA and IgG were examined by ELISA 
tests (Mediplan, Germany). IgE-specific antibodies to 
food allergens (chicken egg white, cow's milk, peanut, 
soy bean, apple, walnut, gliadin, carrot, and fish) were 
determined by ELISA-specific IgE (RISA, Germany). 

The activity of disease was established according to 
clinical and laboratory criteria for pediatric patients 
(18). Patients were stratified into a highly active group, 
a moderate group, and a group in remission. 

Fischer's exact test, the Mann- Whitney test, and a 
X 2 test were used in statistical evaluation. 



TABLE 1 

Patient Characteristics 



Diagnosis 


n 


Age 


Mean age 


Female 


Male 


UC 


23 


5- 


-18 


14.2 


12 


11 


CD 


21 


12- 


-18 


14.9 


7 


14 


Controls 














(coeliac disease) 


21 


2- 


-18 


11.3 


13 


5 



TABLE 2 

Statistical Significance of ANCA Positivity in IIF 



Diagnosis 


Total (n) 


ANCA-positive (n) 


ANCA-negative (n) 


CD 


21 


5 


16 


UC 


23 


17 


6 


Control 


21 


2 


19 



Note. ANCA are found with a statistically higher frequency in 
patients suffering from ulcerative colitis than in those with Crohn's 
disease and than in control patients suffering from coeliac disease. 
UC vs CD, P = 0.0022; UC vs control, P = 0.0021. 



RESULTS 

ANCA in Indirect Immunofluorescence 

Seventeen of 23 (74%) patients with UC and 5 of 21 
(24%) patients with CD were P-ANCA-positive in indi- 
rect immunofluorescence (IIF) assay. The difference in 
the frequency of ANCA positivity in UC or CD was 
statistically highly significant (Table 2). In the longi- 
tudinal follow-up, ANCA positivity was a constant 
finding in individual patients (data not shown). No 
correlation between the presence of ANCA and disease 
severity or activity was found (Table 3). 

ANCA Specificity 

Ulcerative colitis. None of the patients with UC 
reacted with PR3, five patients had antibodies reacting 
with MPO (29.4%) and four with BPI (23.5% of positive 
patients), and two reacted with lactoferrin (11.8% of 
positive patients) (Table 4). Nine of the P-ANCA-posi- 
tive patients did not react with any of the tested anti- 
gens. Sera of three patients showed a positive reaction 
with two target antigens (BPI, LT). 

Crohn's disease. In CD group of patients, three re- 
acted with BPI, seven with MPO, and none with lacto- 
ferrin and PR3 (Table 4). One of the ANCA-positive 
patients reacted with none of these antigens. Sera of 
two patients showed a positive reaction with two target 
antigens (MPO, BPI). 



TABLE 3 

Correlation between ANCA and Disease Activity 





ANCA 


High activity 


Moderate 


Remission 


Diagnosis 


(IIF) 


(n) 


activity (n) 


In) 


CD 


+ 


3 


1 


1 






9 


2 


5 


UC 


+ 


3 


7 


7 






0 


4 


2 



Note. The presence of ANCA does not reflect the disease activity in 
both groups of patients. CD ANCA* vs CD ANCA'. P = 0.73. not 
significant (n.s.); UC ANCA + vs UC ANCA". P = 0.75. n.s. 
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TABLE 4 

Correlation between Antigen Specificity of ANCA and Diagnosis 



ELISA 




Anti-PR3 






Anti-MPO 






Anti-BPI 






Anti-LT 




+ 




n 


+ 




n 


+ 




n 


+ 




n 


CD 


0 


21 


21 


7 


12 


19 


3 


16 


19 


0 


18 


18 


UC 


0 


23 


23 


5 


18 


23 


4 


18 


22 


2 


20 


22 


P value 










P = 0.32, n.s. 






P= 1.0, n.s. 






P = 0.49, n.s. 





Note. The number of patients reacting with MPO, BPI, or LT does not differ between both groups of patients. Anti-PR3 antibodies were 
not detected in any patient. +, positive result; negative result; n t total number of patients; n.s., not significant. 



Titer of Antibodies to Specific Antigens in the 
Correlation with Diagnosis 

Proteinase 3. No patients with UC or CD reacted 
with PR3. 

Lactoferrin. Lactoferrin as a target antigen of 
ANCA was not found in children with CD and was 
positive in two children with UC (Table 5). One girl 
with an extreme titer of anti-lactoferrin ANCA had a 
severe clinical course of UC (data not shown). 

Bactericidal/permeability-increasing protein. Anti- 
BPI antibodies were found positive in 4 of 17 of pa- 
tients with UC (1 boy had a very high titer of anti-BPI 
concomitantly with the positivity of MPO). Three pa- 
tients with CD were reacting with BPI. The titer 
tended to be higher in UC patients, but this trend did 
not reach statistical significance. 

Myeloperoxidase. Anti-MPO antibodies were found 
in five other patients with UC, in seven patients with 
CD, and even in two patients who were negative in the 
indirect immunofluorescence test. The titer was higher 
in CD patients than in UC patients with statistical 
significance. 

Anti-Saccharomyces cerevisiae Antibodies 

ASCA of the IgA isotype were found in 16 patients 
with CD (76%); in 8 children of this group the titer of 



ASCA was very high and the ASCA of the IgG isotype 
tested positive in 8 patients (38%). Seven patients were 
ASCA-positive in both the IgG and IgA isotypes. In the 
UC group, only 4 patients reacted with Saccharomyces 
cere visiae antigens (3x borderline titer and IX moder- 
ately elevated) (17.7%) (Table 6). The presence of 
ASCA did not correlate with disease activity (Table 7). 
In coeliatic patients, 4 (19%) were found ASCA IgA- 
positive and 1 of them (4.8%) reacted with both IgG 
and IgA isotypes. The titer of ASCA was significantly 
higher in patients with Crohn's disease than in those 
with coeliac disease (CD, mean = 124.0 U/ml, me- 
dian = 26.3 U/ml, SD = 210.4; coeliac disease, mean = 
17.6 U/ml, median = 13.4 U/ml, SD = 10.4, P = 0.0012.) 

ASCA and 

In the CD group, two patients showed positive P- 
ANCA in the IIF test and positivity for both ASCA IgG 
and ASCA IgA. Another two patients were positive in 
both P-ANCA and ASCA IgA. In the UC group, only 
one patient was positive for both P-ANCA and ASCA 
IgA and IgG. In the coeliatic group, three patients 
showed positivity for ASCA IgA and one patient for 
ASCA IgA and IgG. Another two patients were positive 
for P-ANCA in the IIF test. Table 8 shows the specific- 
ity and sensitivity of ANCA and ASCA testing (sepa- 
rate and combined investigation). ANCA positivity 
alone was rather characteristic for patients with UC 



TABLE 5 

Correlation between the Titer of Specific ANCA Autoantibodies and Diagnosis 

Anti-BPI titer Anti-MPO titer Anti-LT titer 



Diagnosis n + ± U/ml + ± U/ml + ± RU/ml 



CD 21 3 0 10.3 4 3 10.1 0 0 3.3 

UC 23 3 1 11.6 2 3 4.6 2 0 14.5 



Note. The titers of antibodies reacting with bactericidal/permeability-increasing protein and lactoferrin did not differ in either group of 
patients. The titer of anti-myeloperoxidase antibodies was higher in patients with Crohn's disease. +, number of patients with high titer; ±, 
number of patients with borderline value; U/ml, RU/ml, mean value in the appropriate ELISA in units or relative units, respectively. 
Anti-MPO, CD vs UC. P = 0.0083; very significant; Anti-BPI, CD vs UC, P = 0.3696, (n.s.); Anti-LT, CD vs UC, P = 0.8895, n.s. 
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TABLE 6 

ASCA in IBD Patients 







ASCA IgA 


ASCA IgG 


Diagnosis 


Total 


+ 




+ 




CD 


21 


16 


5 


8 


13 


UC 


23 


3 


20 


2 


21 


Coeliac disease 


21 


4 


17 


1 


20 



Note. Anti- Saccharomyces cerevisiae antibodies of both IgA and 
IgG isotypes are most often found in patients suffering from Crohn's 
disease. This difference is highly statistically significant, especially 
in the case of IgA ASCA. ASCA IgA, CD vs UC, P < 0.0001, very 
significant (v.s.); ASCA IgG, CD vs UC, P = 0.031, significant (s.); 
ASCA IgA, CD vs coeliac disease. P = 0.0002, v.s.; ASCA IgG, CD vs 
coeliac disease, P = 0.02, s.; ASCA IgA, UC vs coeliac disease, P = 
0.069, not significant (n.s.); ASCA IgG, UC vs coeliac disease, P = 1 , 
n.s. 



(specificity 0.83, sensitivity 0.74). ASCA IgA positivity 
was typical for CD patients with a specificity of 0.84 
and a sensitivity of 0.76. For ASCA IgG, specificity was 
high (93%), but sensitivity was low due to a small 
sample of patients (0.38). The combination ANCA + 
ASCA" is specific (specificity, 0.93) for UC patients, 
with a sensitivity of 0.61. ANCA negativity and posi- 
tivity for both IgG and IgA ASCA is 98% specific for 
CD, with low sensitivity (24%). 

Specific IgE to Food Antigens 

Specific IgE to food allergens in CD, UC, and coeli- 
atic control patients is shown in Table 9. 

Ulcerative colitis. Two patients (8.7%) with UC had 
specific IgE antibodies. One was positive in IgE specific 
for carrot and gliadin (RAST class 2), a second had a 
bordeline titer of anti-carrot, anti-gliadin, and anti- 
soya IgE (RAST class 1). Twenty-one patients were 
negative for specific IgE. 

Crohn's disease. Three patients (14.3%) with CD 
had specific IgE. One reacted with chicken eggs white 



TABLE 7 

Correlation between ASCA and CD Activity 









High 


Moderate 






ASCA 


ASCA 


activity 


activity 


Remission 


Diagnosis 


IgA 


IgG 


w 


(n) 


(/J) 


CD 


+ 


+ 


5 


1 


1 


CD 


+ 




6 


1 


2 


CD 




+ 


0 


0 


1 


CD 






2 


1 


1 



Note. No correlation between the presence of anti- Saccharomyces 
cerevisiae antibodies and the disease activity was found. CD ASCA + 
vs CD ASCA", P - 0.2621, not significant. 



TABLE 8 

Antibodies, ANCA and ASCA in IBD 



Coeliac Sensivity Specificity 
CD UC disease (%) (%) 



ANCA + 


5 


17 


2 


74 


83 a 


ASCA IgA + 
ASCA IgG + 
ANCA 4 . ASCA IgA", 


16 


3 


4 


76.2 


84* 


8 


2 


1 


38 


93.2* 












ASCA IgG" 


1 


14 


2 


60.9 


92V 


ANCA-, ASCA IgA + , 












ASCA IgG + 


5 


0 


1 


24 


97.7* 


ANCA", ASCA IgA* 


6 


0 


3 


28.6 


93.2* 



Note. The presence of ANCA was more typical for patients with 
ulcerative colitis, with a specificity of 83% and sensitivity of 74%. The 
presence of ASCA in the IgA isotype was typical for patients with 
Crohn's disease, with a specificity of 84% and sensitivity of 76.2%. 
Combined serological testing for both ANCA and ASCA increased the 
specificity up to 93.2% in the case of ANCA-negative, ASCA IgA- 
positlve for Crohn's disease (with a sensitivity of 28.6%), and a 
specificity of 92.5% in the case of ANCA positivity, ASCA negativity 
(with a sensitivity of 61%) for ulcerative colitis. 

" Specificity for UC. 

* Specificity for CD. 

(RAST class 2) and carrot (bordeline value, RAST class 
1). The sera of a second reacted with gliadin (RAST 
class 2), and third patient had bordeline titers for 
(RAST class 1) of soy, carrot, and chicken egg white. All 
other patients (18) tested negative for specific IgE. 

Controls (coeliac). Among coeliatic patients, five 
(23.8%) had IgE specific to one or more of six food 
allergens (chicken egg white, apple, and walnut, RAST 
class 2; soy bean and peanut, RAST class 1; and carrot, 
RAST class 3), two patients were positive for chicken 
egg white (RAST classes 1 and 2), and another two 
were positive for milk (RAST classes 1 and 2). 

The differences between the three groups in the oc- 
currence of IgE positivity were not statistically signif- 
icant. 

DISCUSSION 

Ulcerative colitis and Crohn's disease represent a 
group of bowel inflammation of unknown etiology. 
Many components of the immune system play a role in 
the pathogenesis of the gut tissue damage (19, 20). 
Immune dysfunction may be involved in the etiology of 
the diseases, as experimented animals ("knock-out") 
with disrupted genes encoding several important mol- 
ecules of the immune system, like IL-2 or IL-10, de- 
velop, under microbial challenge, clinical conditions 
resembling human CD (21, 22). The contribution of 
ANCA to the pathogenesis of IBD is unclear. ANCA 
have been shown to play a substantial role in other 
ANCA-associated diseases (5, 6, 23). ANCA influence 
neutrophil function leading to an increase of oxidative 
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TABLE 9 

Specific IgE Antibody to Food Allergens in Patients 



Diagnosis 


n 


Chicken 
egg white 


Cow's 
milk 


Peanut 


Soy 
bean 


Apple 


Walnut 


Gliadin 


Carrot 


Fish 


CD 


21 


2 a 


0 


0 


1 


0 


0 


1 


2 


0 


UC 


23 


0 


0 


0 


1 


0 


0 


2 


2 


0 


Control (coeliac disease) 


21 


3 


2 


1 


1 


1 


1 


0 


1 


0 



Note. Specific IgE to food allergens were found in 8.7. 14.3, and 23.8% of patients with UC, CD, and coeliac disease, respectively. The 
difference in the frequency of IgE positivity is not statistically significant among the groups, n, total number of patients. 
a Number of patients positive for food allergens. 



metabolism (24-26). In our previous studies, we 
proved that anti-PR3, anti-MPO, and anti-BPI-positive 
sera inhibit the microbicidal activity of PMN (27-29). 
Analogously, we suspect that inhibition of the antimi- 
crobial activity of PMN by ANCA in IBD may influence 
the balance between pathogenic and physiological in- 
testinal flora. A break of the tolerance to intestinal 
bacteria is supposed to be the main mechanism in the 
pathogenesis of IBD (30, 31), apart from, or together 
with, a genetic background (32, 33). 

In our group of pediatric patients with IBD, the 
presence of ANCA was detected more frequently in UC 
patients than in CD patients, which is in accordance 
with the results of others (10, 1 1). The titer of autoan- 
tibodies did not correlate with the diagnosis. As was 
previously shown, ANCA positivity did not reflect dis- 
ease severity or activity, which, according to our re- 
sults, is true as well for ANCA target antigen specific- 
ity. This was already documented for adult patients 
(reviewed in 34). ANCA positivity is a very stable find- 
ing, as ANCA-positive patients stay positive during 
long-term follow-up periods. ANCA are not only an 
epiphenomenon of chronic intestinal inflammation, as 
our control group of coeliac patients showed a statisti- 
cally significant lower frequency of ANCA. 

The presence of antibodies reacting with more than 
one antigen was already documented in several studies 
in adult patients (35-38). We can confirm that the 
same is true for children. ANCA target specificity is not 
exclusively connected with UC or CD, and antibodies 
reacting with any of the particular tested autoantigens 
were found in both groups of patients. 

Anti- Saccharomyces cerevisiae antibodies were fre- 
quently positive in patients with Crohn's disease, 
which is in accordance with the results of others (13- 
16). Its contribution to the differential diagnosis of CD 
versus UC is stressed, especially in combined serolog- 
ical testing for both parameters. The sensitivity and 
specificity reached in our study are comparable to find- 
ings already published (13, 15, 16). The sensitivity was 
not high enough for population testing, but the speci- 



ficity values reflect the clear clinical importance of 
ANCA and ASCA evaluation in the children with IBD. 

Food allergy is one factor considered to play a role in 
IBD (17). In one study, specific IgE to food allergens 
was not found in patients with Crohn's disease (39). In 
our study, 8.7% of UC patients, 14.3% of CD patients, 
and 23.8% of coeliatic patients had detectable specific 
IgE to different food antigens. The differences between 
the three groups were not statistically significant. 
Even if the true prevalence of food allergy in childhood 
is not known due to several factors, particularly the 
problems in appropriate diagnostic testing, the esti- 
mated prevalence is about 2% in the general popula- 
tion and 4-6% in children (40). The finding of specific 
IgE in all groups of patients may reflect more the 
propensity for mast cells in inflamed mucosa to pro- 
duce IL-5 (41) than the ethiologic association between 
IBD and food allergy. However, the ratio of patients 
having specific IgE to several food allergens in both 
groups is not negligible and, at the individual level, 
elimination in the diet may be considered in these 
patients. 

As we still do not understand all the subtle mecha- 
nisms of maintaining the balance between tolerance 
and immunity to dietary and bacterial antigens of the 
gut, nor what is the trigger for ANCA, ASCA, and 
specific IgE production, we cannot explain the precise 
relationship among these parameters in childhood 
IBD. However, our study confirms that combined sero- 
logical testing for ANCA and ASCA may be helpful in 
distinguishing UC and CD in children suspected of 
having inflammatory bowel disease, thus minimizing 
invasive diagnostic procedures. The contribution of 
elimination in the diet to the disease course in patients 
having specific IgE antibodies to food allergens re- 
quires further studies. 
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OBJECTIVES: Clinicians are becoming increasingly aware 
that inflammatory bowel disease (IBD) can affect all age 
groups, although it has not been well described in infants 
and young children. Our aim was to evaluate early onset 
IBD in patients 5 yr of age and younger. 

METHODS: Medical records of patients diagnosed with early 
onset IBD at The Children's Hospital of Philadelphia be- 
tween 1977 and 2000 were reviewed. Patients were divided 
into three categories: those with Crohn's disease (CD), those 
with ulcerative colitis (UC), and those with indeterminant 
colitis (IC). 

RESULTS: A total of 82 patients fulfilled the criteria. In 12 
patients (15%), the IBD diagnosis was changed during the 
course of illness. At the end of the follow-up period, linear 
growth failure was present in 10 of 35 (29%) children with 
CD, one of 30 (3%) with UC, and three of 17 (18%) with IC. 
Failure to thrive was a frequent presenting symptom in 
children with CD (44%) and IC (39%), whereas in all four 
patients with UC and failure to thrive the diagnosis was 
subsequently changed to CD or IC. A high proportion of 
patients with CD had large bowel (89%), and perianal (34%) 
disease. None of the tested patients were positive for anti- 
Saccharomyces cerevisiae antibody (ASCA), and 10 tested 
positive for perinuclear antineutrophil cytoplasmic antibody 
(three of five patients with CD, five of seven with UC, and 
two of three with IC). 

CONCLUSIONS: Failure to thrive, at the time of presentation, 
is indicative of a final diagnosis of CD or IC, not UC. Linear 
growth failure is a common finding in patients with early 
onset CD. A high proportion of patients with CD have 
failure to thrive, colonic, and perianal disease. The IBD 
serology panel is of limited clinical relevance in providing 
definitive diagnostic information in this pediatric 
population. (Am J Gastroenterol 2002;97:2005-2010. 
© 2002 by Am. Coll. of Gastroenterology) 

INTRODUCTION 

Ulcerative colitis (UC) and Crohn's disease (CD) are 
chronic inflammatory bowel diseases of unclear etiology. 
The prevailing hypothesis regarding the pathogenesis of 



inflammatory bowel disease (IBD) combines both environ- 
mental factors and an altered immune response in geneti- 
cally predisposed patients, which then leads to chronic in- 
flammation of the intestinal tract (1). Recently, a mutation in 
the gene known as Nod2, which resides on chromosome 16 
and encodes the protein recognizing lipopoly saccharides 
(LPS) of the bacterial outer cell wall membrane, has been 
identified twice as frequently in patients with CD as in the 
general population (2, 3). In patients with CD, the inability 
to recognize LPS may lead to an exaggerated inflammatory 
response without the innate immune system modulation. 
Living in a more sterile environment has been shown to 
delay exposure to enteric infections in early life, possibly 
resulting in failure of the normal maturation process neces- 
sary to develop normal intestinal tolerance (4-6). 

During the last several decades, the incidence of IBD in 
adults is increasing (7). Pediatric epidemiological studies 
indicate the same patterns of increased incidence for both 
types of IBD (8-11). The reasons for this increase are 
unclear, and the contributing factors may occur early in life. 
Very young patients with IBD require special attention 
because of the potentially large impact of the disease on 
their growth and development. 

The aim of the present study was to describe the present- 
ing signs and symptoms along with the disease progression 
in children 5 yr of age and younger with early onset inflam- 
matory bowel disease (EO-IBD). This information may help 
to improve care for children who present with IBD at this 
early age. 

MATERIALS AND METHODS 

A retrospective analysis of the database with all IBD pa- 
tients followed at the Children's Hospital of Philadelphia 
between 1977 and 2000 was performed. A total of 94 
patients diagnosed with EO-IBD were identified. Twelve 
patients were excluded from the study: three did not meet 
the histological criteria for IBD after review by one pathol- 
ogist (P.R.), and medical records were incomplete for six 
patients and were not available for three. Among the six 
patients with incomplete records whose diagnoses could not 
be confirmed, four carried the diagnosis of UC and two of 
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CD. In all, 82 patients were included in the study. The 
diagnoses were confirmed by standard endoscopic, histo- 
logical, and radiographic criteria (12). The patients were 
divided into three categories: those with CD, those with UC, 
and those with indeterminant colitis (IC). The diagnosis of 
IC was assigned to patients with chronic inflammation lim- 
ited to the large intestine for whom (on the basis of clinical, 
laboratory, radiological, endoscopic, or histological criteria) 
it was not possible to distinguish between CD and UC. All 
patients had colonoscopy or flexible sigmoidoscopy per- 
formed at the time of diagnosis, and all but one patient had 
a radiographic study during the course of the disease (upper 
GI series with a small bowel follow-through, or barium 
enema). The remaining patient had the diagnosis made at the 
time of surgery. The medical records and x-ray reports were 
reviewed by the two investigators (P.M. and G.T.) and by 
the patients' primary gastroenterologists. The diagnosis of 
the small intestinal CD was made based on the radiographic 
study. 

The following characteristics were investigated: age, sex, 
diagnoses and change in diagnoses over time, length of 
follow-up, presenting symptoms, diagnostic time lag, med- 
ications, surgical procedures, anatomic location of the dis- 
ease, growth data, family history, and results of anti-^Sac- 
charomyces cerevisiae antibody (ASCA) and perinuclear 
antineutrophil cytoplasmic antibody (p-ANCA) testing. The 
family history was defined as a history of IBD in parents, 
grandparents, aunts or uncles, and first cousins. Linear 
growth failure was defined as height below the fifth percen- 
tile on a height for age growth curve developed by the 
National Center for Health Statistics in 1979, and failure to 
thrive (FTT) as weight below the fifth percentile on a weight 
for age growth curve. Measurements of linear growth were 
obtained at the end of the follow-up period. Weight mea- 
surements for definition of failure to thrive were recorded at 
the time of diagnosis. Perianal disease was defined as peri- 
anal fistula or perianal abscess. 

The association between presenting symptoms and initial 
diagnoses were evaluated using univariate analysis with the 
X 2 test. Statistical analysis was performed using Stata ver- 
sion 6.0 software (Stata, College Station, TX). This study 
was approved by the Institutional Review Board of the 
Children's Hospital of Philadelphia. 

RESULTS 

A total of 82 patients (47 male and 35 female; sex ratio, 
1.34) were diagnosed with EO-IBD. The median follow-up 
was 7.5 yr (range, 6 months to 23 yr). Initially, 36 children 
(44%) were diagnosed with UC, 27 (33%) with CD, and 19 
(23%) with IC. 

Figure 1 shows the changes in diagnoses. The majority of 
patients (nine of 12) in whom the diagnosis was changed 
had the initial diagnosis made before 1991. The age distri- 
bution and final diagnoses are shown in Figure 2. Only one 




| Initial diagnoses | | Final diagnoses | 
Figure 1. Changes in diagnoses among study patients over time. 

of 19 patients (6%) diagnosed with EO-IBD below the age 
of 2 yr was diagnosed with UC. 

In all, 23% of patients with CD and UC and 18% of 
patients with IC had a family history of IBD. When 13 
patients whose family history was not available were ex- 
cluded, 28% of patients with CD and UC and 20% of 
patients with IC had a family history of IBD. The age of 
onset of disease in relatives was not available. 

Linear growth failure was present in 10 of 35 children 
(29%) with CD, one of 30 (3%) with UC, and three of 17 
(18%) with IC at the end of the follow-up period. 

At the time of initial diagnosis, 26% of patients with CD 
had inflammation in the stomach, 22% in the duodenum, 
19% in the small bowel, 52% in the terminal ileum, and 89% 
in the large bowel. In all, 34% had perianal disease. Of the 
CD patients, 60% had nonstricturing nonpenetrating (in- 
flammatory) type of the disease, 34% penetrating (fistuliz- 
ing), and 6% stricturing type. Of the patients with UC, 60% 
had isolated left-sided colitis, and 40% had pancolitis. 

Presenting symptoms are shown in Table 1. Blood in the 
stool (hematochezia) was more commonly associated with 
UC than with IC and CD combined (p = 0.0002). Failure to 
thrive at the time of initial presentation was more common 
in patients with CD or IC than in those with UC(p = 0.004). 
All four patients initially diagnosed with UC who had FTT 
as a presenting symptom had their diagnosis changed to IC 
or CD (p < 0.0001). Chronic fever was associated with CD 
and not with UC or IC (p — 0.015). Vomiting was associ- 
ated with CD or IC but not UC (p = 0.01). The median 
diagnostic lag (i.e., median time between onset of symptoms 
and time of diagnosis) was 4.5 months for patients with CD, 
2 months for UC, and 6.5 months for IC. 

Serological testing for pANCA and ASCA was per- 
formed in 15 children before the age of 6 yr. All samples 
were tested by the Prometheus Laboratories (San Diego, 
CA). None of the patients had positive ASCA test results, 
but 10 patients had positive results for pANCA. Three of 
five patients (60%) with CD, five of seven (71%) with UC, 
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Figure 2. Age at time of diagnosis and final diagnosis. 



and two of three (66%) with IC had positive pANCA results. 
The presence of pANCA antibodies was not significantly 
more prevalent in UC than in CD or IC. 

Corticosteroids were used before the age of 6 yr in 67% 
of patients with CD, 67% of patients with UC, and 52.6% of 
patients with IC. 6-Mercaptopurine was used before the age 
of 6 yr in 22%, 1 1%, and 26% of patients with CD, UC, and 
IC, respectively. 

During the course of their disease, 10 patients (12%) 
required surgical intervention: five patients (14%) with CD, 
four (13%) with UC, and one (6%) with IC. The patient with 
IC underwent colectomy because of toxic megacolon. Three 
patients with CD had resection of a stricture, one had a 
diverting colostomy secondary to severe perianal disease 
and stricture, and one had perforation requiring partial co- 
lectomy and recto-vaginal fistula repair. Four patients with 
UC had a colectomy performed: one for fulminant colitis 
unresponsive to r'.v. corticosteroids and cyclosporin, and 
three for severe disease with failure of chronic immuno- 
modulatory therapy. 



DISCUSSION 

Reports of young children with IBD have been published for 
several decades (13-17). Most case series have involved 
children of different ages, and only a few have concentrated 
exclusively on young children (18, 19). Recently, evidence 
for increased incidence of IBD not only in adults but also in 
children and adolescents has caused renewed interest in the 
younger age group (19). So far, this is the largest study of 
children aged 5 yr and younger who have been diagnosed 
with EO-IBD. 

The genetic factors in the etiology of IBD are well rec- 
ognized, with a high rate of concordance between monozy- 
gotic twins (44.4%) compared with dizygotic twins (3.8%) 
among patients with CD (20). A recent report described 
multiple siblings affected with CD (21). In our series, 2$% 
of patients with CD had a family history of IBD. This 
correlates with the data from a combined adult and pediatric 
study, in which 29.9% of patients diagnosed with CD before 
age 20 yr had a positive family history compared with only 
13.6% of patients whose diagnoses were made at a later age 



Table L Presenting Symptoms of Study Patients 



Symptom 


CD (n = 27) 


UC (n = 36) 


IC(n = 18) 


Diarrhea 


81% 


79% 


89% 


Blood in the stool* 


67% 


94% 


67% 


Abdominal pain 


67% 


33% 


33% 


Failure to thrive* 


44% 


11% 


39% 


Perianal disease 


34% 


0% 


0% 


Vomiting* 


15% 


0% 


22% 


Constipation 


4% 


0% 


6% 


Chronic fever* 


11% 


0% 


0% 



•p < 0.05. 
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(22). Genetic anticipation, which was described in parent- 
child pairs in Huntington's disease (23), may explain this 
finding. Genetic anticipation is a concept whereby the af- 
fected offspring manifest the disease at an earlier age, and 
sometimes in a more severe form, than does the affected 
parent. In the future, it will be of interest to investigate how 
many children with EO-IBD are positive for the recently 
discovered gene Nod2 associated with CD (2). 

Our finding of only one patient diagnosed with UC within 
the first 2 yr of life differs from the report by Gryboski, in 
which UC was found to be more common than CD at this 
age (19). The reason is unclear. Of the patients with CD, 
60% were diagnosed during the period between 1991-2000 
in our study, whereas the study period in Gryboski ' s report 
ended in 1990. It is possible that changes in the epidemiol- 
ogy of the disease, as well as changes in the practice of 
performing full colonoscopies as opposed to flexible sig- 
moidoscopies, thus allowing histological sampling of the 
terminal ileum, contributed to the difference. 

A striking number of patients with CD (29%) were noted 
to have linear growth failure at the final follow-up, indicat- 
ing that despite early diagnosis and treatment, a significant 
proportion of patients are not able to achieve appropriate 
growth. Previous studies have reported growth failure in 
7-30% of patients with CD (24). In a study by Kanof et al. 
(25), 25% of patients with CD developed severe linear 
growth failure (height below the fifth percentile), and in a 
study by McCaffery et al. (26), 18% of patients with IBD 
demonstrated height below the third percentile. Growth 
failure most likely occurs because of a combination of 
several detrimental factors: malnutrition, the effects of in- 
flammatory cytokines, and iatrogenic causes (e.g., cortico- 
steroid therapy). Nutritional therapy has previously been 
shown to be beneficial in improving growth (27). However, 
nine of 10 patients with CD and linear growth failure in this 
group received either nasogastric or gastric tube feeding 
during the course of their illness. A new form of biological 
therapy directed against tumor necrosis factor-a with a 
potential for improved histological healing may have a 
beneficial effect on the final growth in patients with CD 
(28-32). 

The anatomic distribution of the disease in this group of 
patients with CD is different from that in previously pub- 
lished studies in older children and adolescents (33). In our 
study, isolated small bowel disease was seen in only 11% of 
patients, isolated large bowel disease in 30%, and small and 
large bowel disease in 59%, resulting in a total of 89% of 
patients with large bowel disease. Pooled data of 14 pedi- 
atric studies involving a total of 1153 older children re- 
vealed that only 58% of patients had large bowel disease 
(34). Another study reported that patients younger than 20 
yr were more likely to have small intestinal disease when 
compared with patients 40 yr and older (22). The reasons for 
the noted difference are unclear. However, patients with CD 
diagnosed at a very early age may represent a new subgroup 
with a distinct anatomic disease distribution. 



Presenting symptoms can be helpful in differentiating 
between CD and UC. Hematochezia was more common in 
UC than in CD or IC. Vomiting was associated with CD and 
IC, and chronic fever was associated exclusively with CD. 
Most importantly, in this cohort with early onset CD and IC, 
failure to thrive (FTT) as a presenting symptom was present 
in 44% and 39% of patients, respectively. Four patients 
(12%) initially diagnosed with UC had FTT as a presenting 
symptom. Interestingly, all four patients had their diagnosis 
subsequently changed from UC to IC or CD. One of these 
patients was subsequently found to have granulomas in the 
large intestine, one had severe inflammation of the terminal 
ileum on a repeat colonoscopy, one had persistent inflam- 
mation of the ileum after the colectomy, and one was found 
to have patchy inflammation on subsequent colonoscopies. 
At the same time, none of the remaining 32 patients initially 
diagnosed with UC had FTT. We therefore conclude that 
failure to thrive is a presenting symptom that is predictive of 
CD or IC and not UC. The only other available study that 
examined FTT as one of the symptoms of IBD (33) de- 
scribed it in 25% of patients with CD, which is less than in 
our series, and in none in UC, which corresponds to our 
results. This may possibly be due to more severe disease at 
the time of diagnosis in our group of patients with CD. 

More than 20% of patients with EO-IBD had the diag- 
nosis of indeterminant colitis. In a large, multicenter study 
of European adults, 5% of newly diagnosed patients were 
diagnosed with IC (35). The large proportion of children 
with large bowel involvement could possibly explain this 
difference. In pediatric series of older children, 14-23% 
were diagnosed with IC (8), which is similar to our results. 
Changes in diagnoses occurred more frequently in patients 
whose diagnoses were made before 1990. This could be 
explained both by the longer duration of follow-up, allowing 
the establishment of correct diagnosis, or by improvements 
in the technical aspects of pediatric colonoscopy during the 
last decade, allowing better visualization and tissue sam- 
pling of the terminal ileum. 

Serological assay is a potentially important addition to the 
diagnostic armamentarium in IBD. Combined measurement 
of pANCA and ASCA has been advocated as a valuable 
diagnostic approach in older children and adults. The com- 
bination of positive pANCA and negative ASCA had 57% 
sensitivity and 97% specificity for the diagnosis of UC, and 
the combination of positive ASCA and negative pANCA 
had 47% sensitivity and 97% specificity for the diagnosis of 
CD (36). No study with long term follow-up has been 
performed to validate the use of these tests to differentiate 
between UC and CD in a setting of indeterminate colitis 
(37). In a study of older children, Ruemmele et al. reported 
that the combined test had 57% sensitivity and 92% speci- 
ficity for UC, and 55% sensitivity and 95% specificity for 
CD (38). None of the patients with EO-IBD in our study had 
a positive ASCA. One can postulate that several years of 
exposure to Saccharomyces cerevisiae in an individual with 
increased intestinal permeability are necessary to produce 
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detectable ASCA levels (38). The percentage of positive 
pANCA was similar among UC and CD patients. Because 
only 15 patients had testing performed before the age of 6 
yr, the sample size may be too small to draw reliable 
conclusions. A larger study is necessary to confirm these 
important findings. 

Finally, surgery was performed in 12.2% of patients dur- 
ing the course of their disease, a higher proportion than the 
5% of patients reported in a pediatric series of patients under 
10 yr of age (19). Another study of Crohn's disease in 
children reported 50% and 70% of patients requiring sur- 
gery within the first 10 and 15 yr of diagnosis, respectively 
(39). Among adult patients with UC, almost one half will 
undergo surgery within the first 10 yr of their illness, and 
more than 75% of patients with CD will have surgery during 
the first 20 yr of the disease (40). Length of the follow-up is 
most likely the reason for the small proportion of children 
requiring surgery in our series. Continued follow-up may 
provide further information. Also, a small number of pa- 
tients in this group were found to have small intestinal CD, 
which may be associated with a greater need for surgery 
because of stricturing disease. 

In summary, we describe a unique subgroup of young 
patients with EO-IBD. Accurate differentiation between CD 
and UC in this age group is very difficult. We noted a high 
proportion of patients with Crohn's disease with linear 
growth failure and large bowel disease. Failure to thrive at 
the time of presentation was predictive of a final diagnosis 
of CD or IC and not UC. The combined testing of pANCA 
and ASCA is of limited clinical use for differentiating 
between CD and UC in children 5 yr of age or younger. 
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Antigen specificity of circulating anti-neutrophil 
cytoplasmic antibodies in inflammatory bowel disease 

Konrad Kossa, Anne Coulthart, Carole T. Ives, 
Charles D. Pusey and Humphrey JJ% Hodgson 

Objectives: To characterize the antigen specificity of circulating anti-neutrophil 
cytoplasmic antibodies (ANCAs) in inflammatory bowel disease (IBD). 

Design: Analysis of the prevalence of circulating ANCAs in patients with ulcerative 
colitis and Crohn's disease, by both non-specific methods (immunofluorescence 
against fixed neutrophil leukocytes) and specific antigen techniques (against purified 
neutrophil leukocyte constituents). 

Methods: Indirect immunofluorescence against fixed polymorphonuclear leukocytes, 
and solid-phase enzyme-linked immunosorbent assay (ELISA) against neutrophil 
constituents (a-granules, elastase, myeloperoxidase, cathepsin G, lysozyme and 
lactoferrin). 

Results: Although results using immunofluorescence were typical of other studies 
(ulcerative colitis positive in 41%, Crohn's disease in 10%), ELISA studies showed 
antibody activity against neutrophil components in 69% of patients with ulcerative 
colitis and 39% of those with Crohn's disease. Antibodies in ulcerative colitis were 
commonly directed (in descending order) against lysozyme, cathepsin G, elastase, 
and lactoferrin, and in Crohn's disease against lysozyme. 

Conclusion: Correlation of indirect immunofluorescence data and ELISA results 
indicated that even this large panel of specific antigens fails to identify all the ANCA 
targets in IBD. The lack of correlation between the findings of ANCAs, either in 
general or versus a specific target, and disease extent or activity in ulcerative colitis 
supports the suggestion that ANCAs are unlikely to be of primary importance in 
pathogenesis. 

European Journal of Gastroenterology & Hepatology 1995, 7:783-789 

Keywords: anti-neutrophil cytoplasmic antibodies, ulcerative colitis, 
Crohn's disease, elastase, lactoferrin, lysozyme, cathepsin G 



Introduction 



Circulating anti-neutrophil cytoplasmic antibodies 
(ANCAs) were first recognized in systemic vasculitis, 
and in particular in Wegener's granulomatosis [1]. Since 
this report, the spectrum of disease in which circulating 
ANCAs has been described has dramatically widened. 
Apart from a variety of vasculitic and rheumatological 
conditions [2,3], ANCAs have been strongly associated 
with primary sclerosing cholangitis (PSC) and inflam- 
matory bowel disease (IBD), specifically ulcerative colitis 



[4-8], and less strongly with a number of infections and 
neoplasms [9]. 

The technique used initially for identifying ANCAs 
was indirect immunofluorescence, and a number of 
different ANCA staining patterns on polymorphonu- 
clear leukocytes (PMNLs) has been described. The 
best defined are cytoplasmic ANCAs (cANCAs) and 
perinuclear ANCAs (p ANCAs), but in addition others 
have recognized a pattern different from these antibodies 
termed atypical ANCAs (xANCAs), particularly in 
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non-vasculitic conditions [9]. It is clear that there are 
a number of distinct intracellular antigens recognized 
by ANCAs and that the precise staining patterns reflect 
antigen specificity of the circulating antibodies, together 
with technical factors such as fixation methods, which 
may result in destruction or relocation of antigens within 
the cell [10]. 

The target antigens identified are intracellular enzymes. 
Most of these are predominantly localized within 
cytoplasmic granules of PMNLs — conventional histo- 
chemistry identifies two predominant granule types: 
primary or a-granules, in which the enzymes elastase, 
myeloperoxidase, cathepsin G and proteinase 3 are local- 
ized, and the specific or P-granules, in which lactoferrin 
and alkaline phosphatase are present. However, the 
segregation of enzymes into granules judged in this way 
does not seem be absolute, and, for example, lysozyme 
is identified in both these granule forms [11]. 

There are conflicting results concerning the patterns 
of ANCA in IBD; p-, c- and xANCAs have been 
previously described [6], and there are a number of 
reports that different enzymes such as cathepsin G 
[12] and lactoferrin [13], but not proteinase 3 [8], 
appear as specific targets. In this study we analysed 
the sera of patients with ulcerative colitis, Crohn's 
disease, and a selected group of vasculitis patients for 
the presence of ANCAs against a panel of specific 
antigens by solid-phase enzyme-linked immunosorbent 
assays (EL1SA), using target antigens characteristic of 
both a and P-granules. We investigated the relationship 
between the immunofluorescence ANCA pattern and 
specific antibody levels, and the relationship between 
ANCAs and disease distribution, activity and therapy. 



Patients and methods 



Sera were taken from the following groups of patients 
and stored at -20' C until use. 

Ulcerative colitis 

Forty-nine patients with ulcerative colitis were studied: 
24 men aged 27-80 years (mean 49 years) and 25 
women aged 23-76 years (mean 47 years). Disease extent 
and activity are shown in Table 1. Seventeen patients 
were on systemic corticosteroids, -35 on sulphasalazine 
or another 5-aminosalicylate (5-ASA) derivative, eight 
on topical steroids, three on azathioprine and seven on 
no treatment. Activity was graded according to Truelove 
and Witts [14]. 

Crohn's disease 

Thirty-three patients with Crohn's disease were studied: 
14 men aged 20-77 years (mean 50 years) and 19 
women aged 17-68 years (mean 48 years). Disease 
distribution and activity are shown in Table 1. For 
grading of disease activity, the Crohn's disease activity 
index (CDAI) was used [15]. Seventeen patients were 
taking oral corticosteroids, 12 were on sulphasalazine or 



Table 1. Clinical charateristics of patients with ulcerative colitis and 
Crohn's disease. 



Clinical Ulcerative Crohn's 

characteristics colitis disease 



Disease activity 



Active 




q 


inaciive 






systemic steroids or 






immunosuppressive therapy 






Yes 


20 


16 


No 


29 


15 


Disease extent 






Proctitis 


13 




left side 


25 




Subtotal 


6 




Pancolitis 


5 




Disease site 






Small bowel only 




13 


lleocolonic 




11 


Colorectal 




9 



another 5-ASA derivative, seven on azathioprine, two on 
6-mercaptopurine and 10 on no treatment, 

Primary sclerosing cholangitis 

Four patients with primary sclerosing cholangitis were 
studied: three men aged 27-64 years and one woman 
aged 35 years. The diagnosis was made by endoscopic 
retrograde cholangiography. In two patients cirrhosis of 
the liver had been previously diagnosed. Two had also 
suffered from ulcerative colitis, one from Crohn's disease 
and one from vasculitis. 

Vasculittc conditions 

Sera from 16 patients with known ANCA positivity on 
indirect immunofluorescence, with Wegener's granulo- 
matosis, microscopic polyarteritis, crescentic glomeru- 
lonephritis and Churg-Strauss syndrome, were included 
for comparison. 

Healthy controls 

Thirty-five individuals were included as healthy controls: 
17 women aged 24-57 years and 18 men aged 21-56 
years. 

Preparation of polymorphonuclear leukocytes 

Heparinized blood of healthy volunteers was layered 
onto methyl cellulose hypaque for 15min. The top 
layer was diluted 1:3 with phosphate-buffered saline 
(PBS; pH 7.2) and centrifuged for 5min at lOOOr.p.m. 
Red blood cells in the granulocyte-containing pellet 
were lysed by ice-cold distilled water. Typically, 95% 
of the isolated PMNLs were, neutrophils and 5% were 
eosinophils. Purified neutrophils were either used to 
make cytospin preparations for indirect immunofluores- 
cence or to prepare azurophilic granules for ELISA. 

Indirect immunofluorescence assay 

Cytocentrifuge slides were fixed with 96% ethanol at 
4 # C for 5min and stored at -20 9 C until use. Slides 
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were incubated for 30min in a moist chamber with 
20 pi serum samples diluted 1:16 with PBS. The 
slides were then washed with two changes of PBS 
for 5min each and incubated for a further 30min 
with polyvalent fluorescein-conjugated rabbit antibody 
to human immunoglobulin (Ig; DAKO, Glostrup, 
Denmark; diluted 1 :40 with PBS)- 

After another wash, slides were mounted in glycerol 
and then read by two independent observers. Two 
normal sera, two positive cANCA and pANCA sera 
from patients with vasculitis and a control without the 
addition of sera were included with each batch of sera 
tested 

Arotihuclleafi' arotiibodies 

Antinudear antibodies were sought by standard tech- 
niques using HEP-G2 cells as a substrate, and a reaction 
with serum dilution of 1 : 40 or higher was considered 
positive. 

Artigeira preparations 

PMNLs were disrupted by nitrogen cavitation at 
2415 kPa for 20min at 4°C After centrifiigation, 
the granulocyte components in the supernatant were 
separated on a discontinuous Percoll gradient (Sigma, 
Poole, England, UK). The a-granules were collected 
and disrupted by adding 1% Triton X-100. The 
a-antigen preparation was stored at -20°C and used as 
a substrate in a 1 : 1000 suspension in carbonate buffer 
(pH 9.6) for ELISA. 

Lyophilized preparations of human PMNL myeloperox- 
idase (5 Jig/ml; Calbiochem, Lajolla, California, USA), 
human neutrophil elastase (1 Hg/ml; Calbiochem), hu- 
man neutrophil cathepsin G (1 fig/ml; Calbiochem), 
human neutrophil lysozyme (1 fig/ml; Sigma), human 
milk lactoferrin (5|ig/ml; Sigma) were dissolved in 
carbonate buffer pH 9.6 and used for ELISA. The 
purity of the antigens was confirmed by detection of a 
single band of appropriate molecular weight on sodium 
dodecylsulphate polyacrylamide gel electrophoresis. In 
the case of cathepsin G and elastase, which have similar 
molecular weights (29 and 30kDa, respectively), Western 
blotting with anti-elastase antibodies was performed to 
demonstrate the lack of contamination. 

Eirozyme^kked iinnunraiuircosoiHbGEDit assays 
. ELISA plates (Nunc; Life Technologies, Paisley, Scot- 
land, UK) were coated with a-antigen, myeloperoxidase, 
elastase, cathepsin G, lactoferrin and lysozyme in 
suspensions as described above (100 jil per well) at 4°C 
overnight Plates were washed with PBS with 0.05% 
TWeen-20 and later saturated with PBS/Tween/1% 
bovine serum albumin (BSA) for 1 h at 37°C. Sera were 
diluted 1 : 100 in PBS/Tween/1% BSA and applied for 
lh at 37°C (100 pi per well). Plates were then washed 
(as above) and incubated with alkaline phosphatase-con- 
jugated goat anti-human IgG (Sigma; diluted 1 : 1000) 
for 1 h at 37°C After washing, p-nitrophenyl phosphate 
(Sigma) in carbonate buffer with 5mmol/l MgCl2 was 
added. Absorb ance was read at 405 nm when the positive 



reference sample had reached an optical density of 
1.2-1.5. The results were expressed as a percentage of 
a positive control serum from a patient with a high 
level of the relevant antibody. Sera were regarded as 
positive if the absorbance value was greater than 3 SD 
above the mean absorbance values for die control group. 
None of the control samples fell above this cutoff 
point. All positive sera were retested and confirmed 
positive in repeat assays. Testing of the reproducibility of 
this ELISA system revealed an intra-assay variability of 
approximately 5% and an inter-assay variability of 6-11% 
[16]. 

§taito<tai analysis 

Differences in antibody levels for each antigen between 
the different patient groups was assessed by Student 
t-test. Student t-test was also used for assessment of 
differences between subgroups of patients with different 
clinical features. Linear correlations between the levels 
of antibodies to different antigens were sought in each 
group of patients, comparing, for example, anti-elastase 
antibody levels with anti-lysozyme antibody levels. Ten 
antigen-pair comparisons were possible. In assessing 
statistical significance, correction was made for the 
number of comparisons involved. 




IndflfecH ommnainiolfliLflOirescemice assay 
Positive indirect immunofluorescence on ethanol-fixed 
granulocytes was found in sera of 20 out of 49 (41%) 
patients with ulcerative colitis and in only three out 
of 33 (10%) patients with Crohn's disease. Among the 
ulcerative colitis patients, four (20% of positive patients) 
had an unequivocal, classical pANCA pattern and four 
(20%) were cANCA-positive. The other 12 (60%) were 
classified as xANCA-positive. Sera from all three positive 
patients with Crohn's disease were pANCA-positive, 
and sera from three out of the four patients with PSC 
were pANCA-positive. All 16 samples from patients with 
vasculitis were positive, having been selected for their 
positive ANCA pattern: 10 were pANCA-positive and 
six were cANCA-positive. All control sera were negative. 

Specific antibody levels 

We tested sera for reactivity against isolated crude 
a-antigen, components of a-granules (myeloperoxidase, 
leukocyte elastase, cathepsin G and lysozyme) and 
lactoferrin, a component of p-granules. The proportions 
of patients in whose sera IgG antibodies directed 
against different neutrophil antigens were detected is 
shown in Table 2. Antibodies to one or more of the 
PMNL-associated antigens were detected in 39 out of 
49 (69%) patients with ulcerative colitis and 13 out 
of 33 (39%) patients with Crohn's disease. The low 
proportion of patients with positive ELISA tests amongst 
the patients with vasculitis reflects the fact that antibodies 
to a-granules or to proteinase 3 were not determined. 
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Table 2. Frequencies of immunoglobulin C antibodies against specific antigens in sera of patients with ulcerative colitis, Crohn's disease, 
primary sclerosing cholangitis and vasculitis. 



n(%) 





a-Granules 


Myeloperoxidase 


Leukocyte 
elastase 


Cathepsin C 


Lactoferrin 


Lysozyme 


Ulcerative colitis (nts 49) 


17(35) 


7(14) 


23(46) 


23(46) 


20(41) 


26(53) 


Crohn's disease (n=33) 


4C12) 


1(3) 


6(18) 


" 3(12) 


1(3) 


13(39) 


Primary sclerosing 














cholangitis (n = 4) 




0(0) 


3(75) 


2(50) 


3(75) 


3(7S) 


Vasculitis <n = 21) 




4(19) 


409) 


2(9) 


1(5) 


0(0) 



Among patients with ulcerative colitis, levels of IgG 
antibodies against a-granules, elastase, cathepsin G, 
lactoferrin and lysozyme were significantly higher 
(P<0.01) than among controls. Levels of IgG antibodies 
against myeloperoxidase, however, did not significantly 
differ from those in the normal group. In Crohn's 
disease patients, only anti-lysozyme antibody levels were 
significantly higher than controls (P<0.01). 



Table 3. Linear correlations between enzyme-linked immunosorbent 
assay readings for pairs of specific antibodies (Ab) in ulcerative col- 
itis. 



r 



Anti-a-granules versus 



Leukocyte elastase Ab 


0.0015 


0.87 


Cathepsin C Ab 


0.0015 


0.929 


Lactoferrin Ab 


0.0015 


0.84 


Lysozyme Ab 


0.0015 


0.605 


Myeloperoxidase Ab 


0.036 

i 


0.468 


Anti-leukocyte elastase versus 






Cathepsin C Ab 


0.0015 


0.913 


Lactoferrin Ab 


0.0015 


0.908 


Antl-cathepsin G versus 






Lactoferrin Ab 


0.0015 


0.485 


Lysozyme Ab 


0.015 


0.405 


Anti-lactoferrin versus 






Myeloperoxidase Ab 


0.02 


0.24 



•Correlation coefficients were significantly different from zero. 
Other correlations (anti-leukocyte elastase versus lysozyme Ab, anti- 
leukocyte elastase versus myeloperoxidase Ab, anti-cathepsin C ver- 
sus myeloperoxidase Ab, and anti-lactoferrin versus lysozyme Ab) 
were not significant. 



Correlations between tltres of different antibodies 
and IgG levels 

Within patient groups, we determined correlations 
between antibody levels to different pairs of antigens. 
In ulcerative colitis, there were a number of highly sig- 
nificant correlations (Table 3), As anticipated the levels 
of antibodies to a-granules correlated positively with 
those of antibodies to the specific a-granule constituents 
elastase, cathepsin G, lysozyme and myeloperoxidase, 
although the correlations with elastase and cathepsin G 
were more marked (r -0.87 and 0.92, respectively) than 
correlations with the other constituents? In addition, lev- 
els of anti-Ct-granule antibodies also strongly correlated 
(r=0.84) with levels of antibodies to the (1-granule con- 
stituent lactoferrin. Between pairs of individual enzymes, 
the strongest correlation was between antibody levels to 
the two a-granule constituents elastase and cathepsin 
G (r=0.91). However anti-elastase and anti-lactoferrin 
levels showed a similarly strong correlation (r=0.9)» 
whereas the correlation of antibodies to cathepsin G with 
anti-lactoferrin antibodies was less parked (r=0.48). 

In Crohn's disease, vasculitis and control groups, signifi- 
cant correlations between pairs of antibodies were not 
observed. The strong correlations between antibodies 
to cathepsin G and elastase, and between antibodies to 
cathepsin G and a-granules, prominently seen in patients 
with ulcerative colitis, were not found among patients 
with Crohn's disease. 

No significant correlations were found between the total 
IgG levels and levels of any specific antibody among any 
of the groups. 



Table 4. Associations between patterns of anti-neutrophil cytoplasmic antibodies (ANCAs) and positivity in specific enzyme-linked Immunosor- 
bent assay (ELISA) tests in patients with ulcerative colitis. 

ELISA antibodies 



No. AntI- And- Antl-leukocyte Ami- Anti- Anti- 

ANCAs patients a-granules myeloperoxidase elastase cathepsin C lactoferrin lysozyme Negative* 



Cytoplasmic 4 2 0 2 2220 

Perinuclear 4 2 3 3 3 3 3 1 

Atypical 125 6 6 6 667 

Negative* 29 8 12 12 12 10 15 , 6 



*Level of specific antibodies was not above normal range. *No ANCA was detected. 
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Association between Jmremynofllajjorescence ANCA 
patterns and specific antibody DeveOs 
Table 4 shows the relationship between the immuno- 
fluorescence pattern and the presence or absence of 
antibodies to specific antigens detected by ELISA. 
Unlike the findings in systemic vasculitis, where, in 
particular, pANCA correlates well with the presence 
of anti-myeloperoxidase antibodies [3], there was no 
correlation between indirect immunofluorescence and 
the presence or absence of circulating ANCAs against 
specific targets. There were a substantial number of 
ANCA-positive sera by immunofluorescence in which 
the panel of ELISA tests for specific antigens did not 
identify any targets. 

Association between ANCAs and clinical features 
No differences emerged with respect to the presence or 
absence of ANCAs on immunofluorescence testing, or 
with respect to the levels of antibodies to any specific 
antigen, when patients with ulcerative colitis or Crohn's 
disease were stratified with respect to disease activity, 
disease distribution, type of current medical therapy or 
previous surgery. 



Ooscdflssbmi 



Understanding the significance of ANCAs in inflamma- 
tory diseases is likely to be enhanced by identification of 
the specific targets. ANCAs have been most extensively 
studied in vasculitic conditions. The major target in 
Wegener's granulomatosis is serum proteinase 3 [17] and 
in microscopic polyarteritis it is myeloperoxidase [3]. 
Both of these antigens are constituents of the primary or 
a-granules of granulocytes, but ANCAs to each of these 
antigens gives a different immunofluorescence staining 
pattern (3]. Anti-proteinase 3 gives diffuse cytoplasmic 
staining (cANCA), whereas anti-myeloperoxidase gives 
a perinuclear (pANCA) distribution because this antigen 
diffuses from the granules and concentrates around the 
nucleus [9]. The association between these disease types 
and ANCA pattern specificity is, however; not absolute: 
in pANCA-positive microscopic polyarteritis, antibodies 
to proteinase 3 and to other neutrophil constituents 
such as elastase also occur [3], and there are 10-50% of 
pANCA-positive patients in different series in whom the 
target antigen has not been defined [9,18,19]. 

In EBD, the existence of granulocyte-specific antibodies 
has been known since the 1960s [20], Most authors 
describe a pANCA pattern in ulcerative colitis, although 
a pattern distinct from either p- or cANCA, described 
as x- or atypical ANCA has now been recognized [6]. 
Using immunofluorescence there is a wide variation 
in the reported incidence of circulating ANCAs in 
patients with ulcerative colitis, from 17 to over 80% 
[5,8,21-24]; however, there is general agreement that 
the incidence of ANCAs in Crohn's disease is much less 
frequent, generally one-third to one-quarter of that in 



ulcerative colitis. Our comparative results are 10% in 
Crohn's disease and 41% in ulcerative colitis, and are 
typical in this regard. Because both the frequency and the 
pattern of ANCAs detected by immunofluorescence on 
neutrophil preparations are strikingly altered by minor 
changes in fixation techniques [22], it seems likely that 
alternative techniques using purified target antigens, such 
as the ELISA technique used here, will be more helpful 
than cell-based assays in elucidating the significance of 
ANCAs. 

This study used specific antigens to investigate the widest 
panel of putative targets studied so far in IBD, and 
studied both primary and secondary granule constituents 
in particular. We did not study proteinase 3, in part 
because other studies indicate that it is not a target 
in IBD [5,8], but also because of the difficulties in 
obtaining pure antigen. Previous studies in vasculitis 
have taken anti-a-granule antibodies (which we did 
measure) as a surrogate for anti-pro teinase 3, but this 
is clearly inadequate as the granules contain many 
different constituents. Also, we did not study antibody 
to P-glucuronidase [25,26], again because of difficulties 
in obtaining pure antigen. 

We found positive titres of IgG antibodies (in decreasing 
order of frequencies, between 53 and 35%) to lysozyme, 
cathepsin G, elastase, lactoferrin and whole a-granules 
in ulcerative colitis, and also a low frequency (14%) 
of antibodies to myeloperoxidase. As previously shown 
by Romas et aL [23] (covering the three antigens 
myeloperoxidase, cathepsin G and elastase), antibodies 
of more than one specificity were generally found. 
In Crohn's disease, we found a relatively higjx (39%) 
frequency of antibodies to lysozyme, but a fairly 
low frequency (18% or less) of antibodies to other 
targets. Thus, our investigations agree with those of 
Halbwachs-Mecarelli et d. [12] in finding a relatively 
high frequency of antibodies to cathepsin G, but do not 
find it to be the only or even the most frequent ANCA 
target in ulcerative colitis. We also confirm the high 
incidence of anti-lactoferrin antibodies found by Peen 
et d. [13], but found that elastase and lysozyme are also 
prominent targets. 

Why these antibodies are produced is unclear. As in 
most other studies [5,8,21,27,28] we did not find 
any relation between clinical activity and the presence . 
or titre of ANCAs either in general or of defined 
specificity, and therefore find no evidence that they are of 
primary pathogenetic importance. We also investigated 
the possibility that these antibodies arise in IBD 
merely as a result of systemic release of intracellular 
antigen, but our findings do not support this suggestion. 
Because the processes effecting release of antigens from 
primary and secondary granules differ [29], one might 
anticipate substantial concordance between the presence 
of antibodies to antigens from one or other granule 
type, if they arise merely secondarily to antigen release; 
however, this was not the case. Although antibodies to 
different constituents of primary granules were often 
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found together, in some cases there were even stronger 
correlations between the presence of antibodies to 
two proteins derived from different granules. Further 
evidence that the mere release of intracellular antigen is 
unlikely to explain ANCA development entirely is the 
low incidence of all types of ANCA in Crohn's disease, 
in which — at the very least — similar amounts of 
antigen as in ulcerative colitis are likely to be released 
from granulocytes; indeed, granulocyte-derived elastase 
is present in greater amounts in the circulation of patients 
with Crohn's disease than ulcerative colitis [30], yet the 
incidence of anti-elastase antibodies is significantly lower 
in Crohn's disease patients. 

A more likely explanation for the higher incidence of 
ANCAs in ulcerative colitis is that the development 
of ANCAs reflects genetic susceptibility, which may 
underlie the tendency to develop ulcerative colitis, as 
suggested by groups who identified ANCAs both in 
ulcerative colitis patients and clinically unaffected family 
members [31]. However, not all agree [32,33], and it 
may alternatively be that the genetic susceptibility is to 
develop types or specificities of antibody, and that this is 
merely linked to and not causative of ulcerative colitis. 
Yang et al [34] suggested that susceptibility to develop 
ANCAs was linked to human leukocyte antigen DR2, 
but this was not confirmed in a different study [35]. 
One potential explanation, which we are exploring, 
is that the ANCAs in ulcerative colitis are associated 
with the known tendency for the IgG subclass IgGl 
to predominate in ulcerative colitis, in contrast to IgG2 
in Crohn's disease [36], and indeed there is preliminary 
evidence that IgG ANCAs are predominantly of the 
IgGl subclass [37]. 
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Table 1 

Fecal Concentration and Daily Fecal Excretion o/Lf, PMN-E, MPO, Lys, Hb, and a r AT in UC and CD 





Control 


UC(A) 


UC (1) 


CD (A) 


CD(Q 


Fecal concentration (M-g/©) 












Lf 


1.6 ±0.4 


292.8 ± 35.1 


27.6 ± 5.6 


154.4 ± 28.5 


45.3 ± 11. 6 


PMN-E 


1.0 ± 0.3 


57.5 ± 13.9 


16.3 ± 7.3 


34.0 ± 7.7 


11.4 ±2.8 


MPO 


2.0 ± 0.6 


205.8 ± 30.5 


38.9 ± 8.5 


346.1 ±91.3 


70.9 ± 18.3 


Lys 


1.4 ±0.2 


48.4 ± 7.8 


10.1 ± 1.7 


17.6 ± 3.8 


11.7 ±2.8 


Hb 


2.5 ± 0.7 


2523.6 ± 775.9 


10.1 ± 1.9 


149.5 ± 52.0 


49.3 ± 20.7 


a t -AT 


330.7 ± 38.3 


1502.1 ± 196.3 


555.6 ± 69.2 


7094.7 ± 1842.7 


2845.6 ±713.0 


Fecal excretion (mg/day) 












Lf 


0.21 ± 0.05 


50.2 ± 5.5 


5.1 ± 1.4 


34.3 ± 6.7 


6.0 ± 1.4 


PMN-E 


0.13 ±0.03 


13.6 ±4.7 


2.4 ± 1.0 


7.4 ± 1.9 


1.7 ±0.4 


MPO 


0.28 ± 0.09 


37.4 ± 6.2 


6.9 ± 1.6 


60.3 ± 13.7 


12.5 ±4.1 


Lys 


0.24 ± 0.05 


8.5 ± 1.3 


2.1 ± 0.5 


3.5 ± 0.6 


2.4 ± 0.6 


Hh 


0.39 ±0.12 


808.6 ± 338.6 


1.7 ± 0.3 


19.2 ± 5.9 


4.6 ± 1.9 


a, -AT 


56.2 ± 7.8 


383.8 ± 92.5 


96.5 ± 18.1 


1102.9 ±218.7 


325.4 ± 62.5 



UC (A), ulcerative colitis (active phase); UC (1), ulcerative colitis (inactive phase); CD (A), Crohn's disease (active phase); CD (I). Crohn's disease 
(inactive phase). Values are expressed as means ± SEM. 
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Fig. 3. Fecal concentrations of Lf. PMN-E, MPO, and Lys in UC, CD, and control subjects. UC(A). ulcerative colitis (active phase); UC(I), ulcerative 
colitis (inactive phase); CD(A), Crohn's disease (active phase); CD(I), Crohn's disease (inactive phase). Student's r test was used for statistical analyses: *p 
< 0.05, *♦/? < 0.01. 



tions of neutrophil-derived proteins and the concentrations 
of Hb and a r AT. 

As shown in Figure 4, there were significant correlations 
on the logarithmic scale between the four neutrophil-derived 
proteins and Hb. The best correlation (r = 0.724) was 
obtained between fecal Lf and Hb. Fecal Lf, PMN-E, MPO, 
and Lys concentrations were high in 15, 9, 14, and 14, 
respectively, of the 25 samples with normal Hb concentra- 



tion. Only two samples (inactive UC with internal hemor- iHS;i 
rhoids) showed no increase in fecal Lf concentration with SBfe 
increases in Hb concentration. 

Relationship between the four fecal neutrophil-derived 
proteins and fecal a,- AT in CD 

As shown in Figure 5, fecal Lf, PMN-E, and MPO con- 
centrations correlated significantly with a r AT concentra- 
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FIG 4 Correlation between levels of four fecal neutrophil -derived proteins and levels of fecal Hb in UC. A, correlation between fecal Lf and Hb; B, 
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subjects < 

tion on the logarithmic scale, but fecal Lys did not. A good 
correlation was obtained between fecal Lf or MPO and fecal 
a, -AT. Fecal Lf, PMN-E, and MPO concentrations were 
high in 19, 10, and 16, respectively, of the 30 samples with 
normal a r AT concentration. Only six samples and one 
sample, respectively, showed no increase in fecal Lf and 
MPO concentrations with increases in a, -AT concentration. 

DISCUSSION 

Evaluation of whether mucosal inflammation is present is 
very important in the management of patients with IBD 
(29), because if minimal mucosal inflammation remains in 
a patient who is evaluated clinically to be in remission, the 
rate of relapse is high (30, 31). Even colonoscopy and x-ray 
examination may not detect inflammation if the inflamma- 
tion is minimal or localized It is conceivable that feces 
reflects the state of all sites in the digestive tract, since feces 
is formed during transit of the bowel. 

In evaluating fecal proteins, it is necessary to consider the 
instability in the intestines or stools to correctly interpret the 
data. Proteins may be degraded by digestive enzymes and by 
intestinal bacteria. At low temperatures, fecal proteins are 
expected to be relatively stable (32). Our in vitro study 



showed that all four proteins were fairly stable in feces at 
4°C. In the present clinical study, therefore, the degradation 
of fecal protein after defecation was considered to be neg- 
ligible, because the stool was stored at 4°C immediately 
after defecation. Generally, for a fecal test to be acceptable 
in clinical practice, the protein should be stable even at room 
temperature. We therefore examined the stability at 25°C 
and 37°C as well. Lf was the most stable and Lys was the 
most unstable at these temperatures. The carbohydrate con- 
tent of the Lf molecule may contribute to its good stability. 

It is well known that neutrophil granular proteins are 
released extracellularly when the cells are stimulated (7). 
Specific granules degranulate in an earlier phase than azuro- 
philic granules after stimulation (33). It is thought that large 
quantities of neutrophil granular proteins are released ex- 
tracellularly in the inflamed mucosa of IBD. We carried out 
an in vitro study to investigate which of the four neutrophil 
granular proteins examined was released extracellularly 
most efficiently after stimulation. Two different stimuli 
were used: PMA, an activator of protein kinase C (34), and 
latex beads, acting as a phagocytic stimulus (35). With 
either stimulus, Lf was released most efficiently, with Lys 
being second. Thus, since Lf and Lys are contained in 
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Fig. 5. Correlation between levels of four fecal neutrophil-derived proteins and levels of fecal a,-AT in CD. A t correlation between fecal Lf and a, -AT; 
B, correlation between fecal PMN-E and a, -AT; C. correlation between fecal MPO and a, -AT; D. correlation between fecal Lys and a,-AT. Dotted lines, 
mean + 2 SD of the control subjects (5.96, 4.37, 8.22, 3.85, and 714.0 pg/g for Lf, PMN-E, MPO, Lys, and a, -AT, respectively). active phase; O, inactive 



specific granules, it would seem that the specific granules 
degranulate both more efficiently and earlier than the azuro- 
philic granules. To constitute a superior fecal marker of 
intestinal inflammation, a protein should be released effi- 
ciently from activated neutrophil as well as being stable in 
feces. From this point of view, Lf seemed to be the best fecal 
marker, because it was released from activated neutrophils 
most efficiently and was the most stable in feces. 

The fecal levels of all four neutrophil-derived proteins 
were significantly greater in active UC and CD than in 
control subjects. However, the fecal levels of Lys in active 
CD overlapped, to a great extent, with the values for control 
subjects. It is most likely that Lys was destroyed to a much 
greater extent than the other proteins during intestinal tran- 
sit, since 28 of the 34 CD patients had small intestinal 
disease. As shown in Table 2, fecal Lys level and levels of 
the other three fecal neutrophil-derived proteins tested were 
poorly correlated in CD (r < 0.5), whereas good correla- 
tions were found between Lf and PMN-E, between Lf and 
MPO, and between PMN-E and MPO (r > 0.6), suggesting 
that fecal Lys was not a suitable marker for monitoring 
disease activity in CD. 

The fecal levels of all four neutrophil-derived proteins 



Table 2 

Relationship between Four Fecal Neutrophil-derived Proteins in UC and 

CD 



UC 



Lf vj. PMN-E 


p < 0.001 


r = 0.733 


Lf vs. MPO 


p < 0.001 


r = 0.883 


Lf vj. Lys 


p < 0.001 


r = 0.713 


PMN-E vs. MPO 


p < 0.001 


r a 0.725 


PMN-E vj. Lys 


p < 0.001 


r = 0.602 


MPO vj. Lys 


p < 0.001 


r = 0.724 


CD 






Lf vj. PMN-E 


p < 0.001 


r « 0.665 


Lf vj. MPO 


p < 0.001 


r = 0.741 


Lf vj. Lys 


p < 0.005' 


r = 0.283 


PMN-E vj. MPO 


p < 0.001 


r = 0.723 


PMN-E vj. Lys 


p < 0.001 


r = 0.420 


MPO vj. Lys 


p < 0.001 


r = 0.454 



Relationship between fecal protein levels were examined on the loga- 
rithmic scale. Linear regression analysis was used for correlation analysis. 

tested were significantly lower in inactive UC and CD than 
levels in active disease. However, not a few samples from 
inactive UC and CD patients showed high fecal levels of the 
proteins. Inflammation may have been present in the intes- 
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tinal mucosa in these patients, presumably because, in this 
study, a patient was defined as having inactive disease when 
one was not defined as active. 

Comparison of UC and CD showed that the levels of fecal 
neutrophil-derived proteins, except for MPO, were some- 
what higher in UC than in CD. This could be explained in 
terms of the different histological findings in the two dis- 
eases; UC is primarily characterized by superficial inflam- 
mation with infiltration of neutrophils, and CD by the ac- 
cumulation of inflammatory cells in deeper layers of the 
mucosa. In UC, therefore, larger amounts of neutrophil- 
derived proteins could easily be excreted into the gut lumen. 
Fecal MPO level in CD was higher than that in UC, MPO 
was predominant in active CD, and Lf was predominant in 
active UC. MPO derived from mononuclear cells could 
contribute to the high fecal MPO level in CD. 

We attempted to investigate the relationship between intes- 
tinal bleeding and inflammation in UC and the relauonship 
between intestinal protein loss and inflammation in CD. For 
that purpose, we compared the levels of four fecal neutrophil- 
derived proteins and Hb in UC, and the levels of the four fecal 
neutrophil-derived proteins and a r AT in CD. In the relatively 
large number of patients who showed high fecal neutrophil- 
derived protein levels but normal Hb and a, -AT levels, there 
may have been a minimal infiltration of neutrophils somewhere 
in the mucosa. In contrast, in the few patients who showed 
normal fecal neutrophil-derived protein levels but high Hb and 
a r AT levels, bleeding and intestinal protein loss may have 
been present without inflammation. In UC, as shown in Figure 
4, fecal Lf showed the best correlation with fecal Hb. High 
fecal Lf levels but normal Hb levels were found in 15 of 91 
stool samples from UC patients. On the other hand, only two 
stool samples (inactive UC) showed no increase in Lf concen- 
tration with increases in Hb concentration. Thus, it appears 
that, by measuring fecal Lf, one would be least likely to miss 
a patient with bleeding, and this measurement could also reflect 
well any rninimal intestinal inflammation without bleeding. 
These findings suggest that fecal Lf would be the most useful 
marker for monitoring disease activity in UC. 

Tn CD, as shown in Figure 5, fecal MPO and Lf showed 
good correlations with fecal a r AT. When fecal Lf was used 
as a marker of inflammation, six patients (all assessed as in 
the inactive phase) were considered to have minimal inflam- 
mation without intestinal protein loss. In contrast, when 
fecal MPO was used as a marker of inflammation, only one 
patient showed intestinal protein loss without inflammation. 

Our clinical study indicated that, for evaluating the pres- 
ence of minimal intestinal inflammation, fecal Lf was the 
most useful marker in UC, and fecal MPO and Lf were the 
most useful markers in CD. Fecal Lys was not a suitable 
marker in CD. 

In conclusion, both our clinical and in vitro studies sug- 
gest that Lf is the most suitable neutrophil-derived fecal 
marker of inflammation for clinical application. 
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[Objectives: 1) To investigate which neutrophil-derived 
proteins in feces most accurately reflect disease activity in 
inflammatory bowel disease. 2) To examine the extracellu- 
lar release of these proteins by activated neutrophils and 
their stability in feces by in vitro study.JWel&qds: We stud- 
ied 41 patients (91 samples) with ulcerative colitis (UC), 34 
patients (105 samples) with Crohn's disease (CD), and 25 
control subjects. Fecal levels of lactoferrin (Lf), polymor- 
phonuclear neutrophil elastase (PMN-E), myeloperoxidase 
(MPO), and lysozyme (Lys) were measured by ELISA. We 
also measured fecal hemoglobin (Hb) and a a -antitrypsin 
(a, -AT), useful markers of disease activity in UC and CD, 
respectively. For the in vitro study, blood samples were 
stimulated with phorbol myristate acetate or latex beads. 
For the assessment of stability, homogenized stool samples 
were stored at 4°C, 25°C, and 37°C for various periods. 
Resitlts: 1) Fecal Lf, PMN-E, MPO, and Lys concentrations 
were significantly increased in the active phase of the dis- 
ease compared to the inactive phase in both UC and CD. 2) 
Fecal Lf, PMN-E, MPO, and Lys concentrations correlated 
significantly with focal Hb concentration in UC, whereas 
fecal Lf, PMN-E, and MPO concentrations correlated sig- 
nificantly with a,-AT concentration in CD. In UC, fecal Lf, 
PMN-E, MPO, and Lys concentrations were high in 15, 9, 
14, and 14 samples, respectively, of 25 samples with normal 
Hb concentration. In CD, fecal Lf, PMN-E, and MPO 
concentrations were high in 19, 10, and 16 samples, respec- 
tively, of 30 samples with normal a r AT concentration. 3) 
The extracellular release of Lf was the most efficient and 
this molecule was the most stable in feces.^CwwAwGRS; 
Both our clinical and our in vitro studies suggested that Lf 
is the most suitable of these proteins to use as a neutrophil- 
derived fecal marker of inflammation for clinical applica- 
tion. 



INTRODUCTION 

For the assessment of disease activity in inflammatory 
bowel disease (LBD), symptoms, signs, and laboratory ex* 
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aminations are essential but not sufficient. Barium enema 
examination, colonoscopy, and histological examination are 
very useful for such assessment, but these tests create a 
heavy burden for the patient and may exacerbate the mu- 
cosal inflammation. In contrast, fecal tests are safe and can 
be performed repeatedly. We have recently shown that the 
measurement of fecal hemoglobin (Hb) is useful for assess- 
ing intestinal disease activity in patients with UC, and the 
measurement of fecal a antitrypsin (a, -AT) is useful in 
patients with CD (1). Although these fecal proteins reflect 
bleeding or protein loss from inflamed intestinal mucosa, 
they do not directly reflect inflammation. Fecal neutrophil- 
derived proteins have been the subject of a number of 
reports (2-6); however, it remains to be clarified which 
neutrophil-derived proteins in feces most accurately reflect 
the disease activity of IBD. In the present study, we inves- 
tigated lactoferrin (Lf)» polymorphonuclear neutrophil elas- 
tase (PMN-E), myeloperoxidase (MPO), and lysozyme 
(Lys) in feces. Lf is found in specific neutrophil granules, 
PMN-E and MPO are found in the azurophilic granules, and 
Lys is found in both types of granules (7-10). 

Lf, an iron-binding protein with a molecular weight of 
approximately 80,000, is found in various secretions, such 
as breast milk, tears, and saliva, as well as in specific 
granules of neutrophils (11-14). Lf is present in the intes- 
tinal mucus and has an antibacterial effect (15, 16). We have 
recently developed an iinmunochemical test for fecal Lf, 
utilizing an enzyme-linked immunosorbent assay (ELISA), 
and have shown that fecal Lf levels are high in patients with 
colorectal diseases (17). 

PMN-E is released extraceDularly when the cell is acti- 
vated, causing tissue damage. It is well known that PMN-E 
is present in plasma as an elastase/a r AT complex (18). 
However, the form of PMN-E in feces is not well defined. 
Our recent evaluation confirmed that most PMN-E was not 
complexed with a,-AT in feces (19). 

MPO catalyzes the reaction of hydrogen peroxide and 
halide ions to produce cytotoxic acids, such as hypochlorous 
acid (7). These acids play a role in the oxygen-dependent 
killing of microorganisms and tumor cells. MPO activity in 
the mucosa has been used as an index of neutrophil infil- 
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tation in experimental colitis models (20). However, fecal 
levels of MPO in humans have not yet been established. 

Lys catalyzes the breakdown of the cell walls of some 
Gram-negative bacteria (7, 21). Lys is contained not only in 
neutrophils but also in macrophages, Brunner's glands, and 
Paneth cells (22, 23). Increased fecal Lys levels have been 
found in both UC and CD (2, 3). However, fecal Lys levels 
did not correlate with disease activity in patients with small 
bowel inflarrimation (24). These findings may reflect the 
instability of fecal Lys. However, the stability of Lys in 
feces has not yet been established. 

In the present study, using an ELISA, we measured these 
four neutrophil -derived proteins in the feces of patients with 
IBD in the active and inactive phases and compared the 
usefulness of these proteins as markers of intestinal inflam- 
mation. In addition, we investigated the relationship be- 
tween the levels of these four fecal neutrophil-derived pro- 
teins and the levels of fecal Hb and a,-AT. We also 
performed an in vitro study to examine the extracellular 
release of Lf, PMN-E, MPO, and Lys by activated human 
neutrophils, and the stability of these proteins in feces. 

MATERIALS AND METHODS 

Extracellular release of Lf, PMN-E, MPO, and Lys by 
activated human neutrophils in vitro 

Five hundred microliters of heparinized blood samples 
from five healthy subjects was incubated at 25°C for 15 min 
in the presence of 20-320 ng/ml of phorbol myristate ace- 
tate (PMA; Wako Junyaku, Osaka, Japan) or latex beads 
(Sekisui Chemicals, Osaka, Japan) (0.5 /xm in diameter, 4 X 
10 6 - 2.56 X 10 8 /ml) that had been coated with rabbit 
anti-human IgG (Dakopatts, Glostrup, Denmark) (25). 
Plasma was obtained by centrifugation at 2000 g for 5 min. 
The concentration of each protein (Lf, PMN-E, MPO, and 
Lys) in plasma was measured by EUSA, as described be- 
low. 

To determine the total amount of each protein present in 
whole blood, Triton X-100 (1% final concentration) was 
added to the heparinized blood samples, and the concentra- 
tion of each protein (Lf, PMN-E, MPO, and Lys) was 
measured. 

The percentage of each protein released extracellularly 
was obtained by the following equation: Percent extracel- 
lular release (%) = {(a - c)l{b - c)} X 100, where a is the 
concentration (fig/ml) in plasma after incubation with latex 
beads or PMA, b is the- concentration (/Ltg/ml) in whole 
blood treated with Triton X-100, and c is the concentration 
(jig/ml) in plasma without stimulation. 

Subjects 

Forty-one patients with UC [age 36.1 ± 16.2 yr (mean ± 
SD); nine with proctitis, 1 1 with left-sided colitis, 21 with 
pancolitis! and 34 patients with CD (age 28.9 ± 13.4 yr, 12 
with small intestine type, 16 with small and large intestine 
type, six with large intestine type) were evaluated. Thirteen 



of 41 UC patients and 16 of 34 CD patients were hospital- 
ized two or more times, and each admission was treated as 
an independent clinical course. UC was defined as being in 
the active phase if the patients showed clinical symptoms 
(rectal bleeding, diarrhea) and/or inflamed colonic mucosa 
(grade 2 or 3) at colonoscopy (26). Disease activity in CD 
was assessed according to the Crohn's disease activity index 
(27), in which a score of more than 150 was considered to 
represent active disease. The control group consisted of 25 
subjects (age 42.2 ± 17.3 yr) with no demonstrated abnor- 
mality in the upper or lower digestive tract. 

Informed consent was obtained from each subject in 
accordance with the Helsinki Declaration. 

Method of stool collection 

Patients were instructed to defecate directly into a poly- 
styrene container (diameter 15 cm; depth 12 cm). The stool 
samples, collected at 4°C over a period of 48-72 h, were 
homogenized with a small amount of water, and then stored 
at -80°C until the time of measurement. 

Measurement of fecal Lf PMN-E, MPO, and Lys by 
EUSA 

One hundred microliters of 0.1 M Tris-HCl buffer (pH 
8.4), containing 5 /xg/ml anti-human-Lf antibody (Dako- 
patts), anti-human-PMN-E antibody (Serotec, Oxford, Eng- 
land), anti-human-MPO antibody (Dakopatts), or anti-hu- 
man-Lys antibody (Dakopatts), were placed into the well of 
a 96-well microplate and left overnight at 4°C. The solution 
was then removed, after which the wells were treated with 
0.1 M Tris-HCl-buffered saline (pH 8.0), containing 1% 
bovine serum albumin, to block nonspecific binding sites. 
The samples, diluted 100- to 10,000-fold with 0.1 M Tris- 
HCl buffer (pH 7.5) containing 0.1% bovine serum albumin 
and 0.2% sodium azide, were added to each well. After 
reaction at 37°C for 1 h, the wells were washed with water. 
The antibodies noted above were labeled with alkaline phos- 
phatase by the periodic acid-Schiff stain method (28). The 
samples were then reacted with the respective alkaline phosr 
phatase-labeled antibody. After reaction at 37°C for 1 h, the 
wells were washed with water. The enzyme reaction test 
was then performed, and color development was measured 
with a microplate colorimeter (Sanko Junyaku, Tokyo, Ja- 
pan) at 510/630 nm. The concentration of these proteins was 
calculated from a standard curve produced with the authen- 
tic proteins (Lf from human milk, Sigma, St. Louis, MO; 
and PMN-E, MPO, and Lys, Athens Research and Tech- 
nology Inc., Athens, GA). Coefficient of variations in intra- 
day assay and inter-day assay for these four proteins were 
less than 10% and 15%, respectively. 

Fecal hemoglobin and a r AT levels were measured by 
ELISA, as described previously (1). 

Stability of Lf, PMN-E, MPO, and Lys in feces 

To examine the stability of these proteins in feces, ho- 
mogenized stool samples were stored at 4°C, 25°C and 37°C 
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Fig. 1. Extracellular release of Lf, PMN-E, MPO, and Lys from activated human neutrophils in vitro. A, neutrophils stimulated with PMA; B, neutrophils 
stimulated with latex beads. 



for 0, 12, 24, 48, 72, and 96 h before freezing and subse- 
quent analysis. 

Statistical analysis 

Values were expressed as means ± SEM. Student's t test 
was used to compare the active and inactive phases of both 
UC and CD. Linear regression analysis was used for corre- 
lation analysis. All p values were two-tailed; p values less 
than 0.05 were considered statistically significant. 

RESULTS 

Extracellular release of Lf PMN-E. MPO, and Lys by 
activated human neutrophils in vitro 

As shown in Figure 1, the extracellular release of Lf was 
the most efficient (Lf > Lys > PMN-E > MPO) when the 
cells were activated with either PMA or latex beads. After 
treatment with Triton X-100, the concentration of Lf, 
PMN-E, MPO, and Lys in whole blood was 6.88 ± 1.05, 
4.55 ± 0.74, 13.4 ± 2.80, 3.89 ± 0.86 /ig/ml, respectively. 

Stability of Lf PMN-E, MPO. and Lys in feces 

The concentration of each neutrophil-derived protein was 
expressed as a percentage of the original concentration at 0 
h. The data are shown in Figure 2. All four proteins were 
stable at 4°C. At 25°C and 37°C, there were differences in 
stability in the order Lf > PMN-E > MPO > Lys. 

Fecal concentration and excretion of the four neutrophil- 
derived proteins in UC and CD 

The values are shown in Table 1 and Figure 3. Significant 
differences between the active and inactive phases of UC 
and CD were found in the fecal concentration and daily fecal 
excretion of all four neutrophil-derived proteins, and the 
concentration and excretion of the four proteins were sig- 
nificantly greater in inactive UC and CD than in control 
subjects. 




0 24 48 72 96 

(hours) 

Fic. 2. Stability of Lf, PMN-E, MPO, and Lys in feces: A, at 4°C; B, 
at 25°C; C at 37°C. Lf; A, PMN-E; ▲, MPO; O, Lys. 

Relationship between the four fecal neutrophil-derived 
proteins and fecal Hb in UC 

We recently found that fecal Hb and a, -AT were useful 
markers of disease activity in UC and CD, respectively (1). 
We therefore examined the relationship between concentra- 
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Hallme L . Tumnen U . Helio T . Paavola P . Walle T . ftfliettinen A . Jarvinen H , Kontula K, FarkkBIa ftfl . 
Dept of Surgery, Helsinki University Hospital, Finland. Ieena.halme@hus.fi 

BACKGROUND: The familial occurrence of inflammatory bowel disease (IBD) and the clinical features of familial 
and sporadic IBD in the genetically homogeneous Finnish population are evaluated. METHODS: 257 patients with 
Crohn disease (CD) and 436 with ulcerative colitis (UC) participated in the study. They were asked whether IBD 
was present (familial IBD) or absent (sporadic IBD) in their first-degree relatives: Data on the clinical course of the 
disease were collected from the patient records. Antibodies to Saccharomyces cerevisiae (ASCA) and anti- 
neutrophil cytoplasmic antibodies (ANCA) were determined from serum samples. RESULTS: Affected first-degree 
relatives were found in 15.6% of patients with CD and in 13.8% of patients with UC. In familial cases CD was 
more often located in the ileum (38% versus 21%) and less often in the ileocolon (35% versus 50%) (P< 0.05) 
than in sporadic cases. A greater percentage of CD patients than UC patients were smokers (47% versus 13%; P 
< 0.01). An elevated level of IgA and/or IgG antibodies for ASCA was found more often in CD patients than in UC 
patients (59% versus 14%; P < 0.01), while pANCA were found more often in UC than in CD patients (48% versus 
12%; P < 0.01). The combination of pANCA-ASCA+ yielded a sensitivity, specificity and positive predictive value 
of 48%, 92% and 90%, respectively, for CD, and the combination of pANCA + ASCA- of 55%, 94% and 90%, 
respectively, for UC. CONCLUSIONS: The percentage of familial IBD cases in Finland is comparable to that 
reported elsewhere in Europe. No important clinical differences between patients with familial and sporadic forms 
of the disease were found. ASCA is associated with both familial and sporadic CD and pANCA with UC, but low 
sensitivity diminishes their value as a serological marker of IBD or as a differential diagnostic test between CD 
andUC. 
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Prometheus Laboratories, San Diego, CA, USA. 

Inflammatory bowel disease (IBD) is a generic term that refers to Crohn's disease and ulcerative colitis. 
Crohn's disease (CD) is a granulomatous enteritis which can involve the ileum, colon, and other parts of 
the intestinal tract. The serologic responses seen in Crohn's disease include antibodies to Saccharomyces 
cerevisiae, mycobacteria, bacteroides, listeria and E. coli. Many of these organisms may be involved in the 
pathogenesis of the Crohn's disease. Ulcerative colitis is characterized by inflammation of the mucosa and 
submucosa of the large intestine. The CD and UC are considered to be distinct forms of IBD; however, 
there is a subgroup of CD with a UC-like presentation. In recent years, several serologic markers have 
been found to be useful for the diagnosis and differentiation of CD and UC. These markers include the 
following antibodies (a) 2pANCA, (b) ASCA, (c) pancreatic antibody, and (d) OmpC antibody. The 
application of a panel of markers with the use of an algorithm can identify specific subtypes of IBD that 
have different clinical courses and progression of the diseases. The application of the serologic markers is 
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Familial and Sporadic Inflammatory Bowel Disease 

Comparison of Clinical Features and Serological Markers in a Genetically Homogeneous 
Population 

L. Halme, U. Tumnen, T. Helio, P. Paavola, T. Walle, A. Miettinen, H. Jarvinen, K. Kontula & 
M. Farkkila 

Dept of Surgery, Helsinki University Hospital, Helsinki, Finland; Dept. of Medicine, Helsinki 
University Hospital, Helsinki, Finland; Dept. of Immunology, HUCH Laboratory Diagnostics, Helsinki 
University Hospital; Dept. of Bacteriology and Immunology, Haartraan Institute, University of 
Helsinki, Helsinki, Finland 

Halme L, Tumnen U, Helio T, Paavola P, Walle T, Miettinen A, Jarvinen H, Kontula K, Farkkila M. 
Familial and sporadic inflammatory bowel disease: comparison of clinical features and serological 
markers in a genetically homogeneous population. Scand J Gastroenterol 2002;37:692-698. 
Background: The familial occurrence of inflammatory bowel disease (D3D) and the clinical features of 
familial and sporadic IBD in the genetically homogeneous Finnish population are evaluated. Methods: 
257 patients with Crohn disease (CD) and 436 with ulcerative colitis (UC) participated in the study. They 
were asked whether IBD was present (familial IBD) or absent (sporadic IBD) in their first-degree 
relatives. Data on the clinical course of the disease were collected from the patient records. Antibodies to 
Saccharomyces cerevisiae (ASCA) and anti-neutrophi 1 cytoplasmic antibodies (ANCA) were determined 
from serum samples. Results: Affected first-degree relatives were found in 15.6% of patients with CD 
and in 13.8% of patients with UC. In familial cases, CD was more often located in the ileum (38% versus 
21%) and less often in the ileocolon (35% versus 50%) (P < 0.05) than in sporadic cases. A greater 
percentage of CD patients than UC patients were smokers (47% versus 13%; P < 0.01). An elevated level 
of IgA and/or IgG antibodies for ASCA was found more often in CD patients than in UC patients (59% 
versus 14%; P < 0.01), while pANCA were found more often in UC than in CD patients (48% versus 
12%; P< 0.01). The combination of pANCA-ASCA+ yielded a sensitivity, specificity and positive 
predictive value of 48%, 92% and 90%, respectively , for CD, and the combination of pANCA + ASCA- 
of 55%, 94% and 90%, respectively, for UC. Conclusions: The percentage of familial IBD cases in 
Finland* is comparable to that reported elsewhere in Europe. No important clinical differences between 
patients with familial and sporadic forms of the disease were found. ASCA is associated with both 
familial and sporadic CD and pANCA with UC, but low sensitivity diminishes their value as a serological 
marker of IBD or as a differential diagnostic test between CD and UC. 
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There is increasing evidence for the presence of one or 
more underlying genes predisposing to the develop- 
ment of inflammatory bowel disease (IBD). In 
genome-wide scanning studies, several susceptibility loci 
have recently been identified, especially one present in 
chromosome 16 and linked to Crohn disease (CD); another 
is present in chromosome 12 and linked to ulcerative colitis 
(UC) (1-3). Very recently, the CD-linked chromosome 16 
locus was tentatively identified as the NOD2 gene, which is 
expressed monocytes and is thought to function as an 
intracellular receptor for microbial components (4-6). In 
our preliminary genetic study of the Finnish population, we 
obtained evidence of linkage of IBD to chromosome 3p21 (7). 
This finding is in accordance with earlier reports in which this 
particular chromosome 3 region was suggested as a suscept- 
ibility locus for IBD (2, 8). 

© 2002 Taylor & Francis 



It is not clear whether the process of molecular pathogen- 
esis differs in familially occurring cases of IBD ('familial 
IBD') and in the majority of patients with no evidence of 
familial clustering ('sporadic IBD'). Phenotypic classification 
is often confused by great variations of environmental factors. 
Previous studies have shown that smokers are at a higher risk 
of developing CD than non-smokers (9). Persistent tobacco 
smoking is a risk factor for relapsing CD, while treatment 
with transdermal nicotine seems to have some effect on the 
clinical manifestations of active UC (10, II). On the other 
hand, patients with CD who stop smoking for more than 1 
year have been found to have a more benign disease course 
than if they had never smoked (11). High serum levels of 
perinuclear a nti neutrophil cytoplasmic antibodies (pANCA) 
are strongly correlated with occurrence of UC (12-14), while 
serum reactivity to cell wall mannan polysaccharide of 
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Saccharomyces cerevisiae (ASCA) is found to be a sero- 
logical marker of patients with CD (14-17). 

The present study evaluates the occurrence of IBD among 
the first-degree relatives of patients with histologically proven 
UC and CD and compares clinical features and postulated risk 
factors of familial and sporadic forms of IBD originating in 
the genetically homogeneous ethnic Finnish population with 
similar living conditions and principles of treatment. More- 
over, the role of ASCA and pANCA as diagnostic tools is 
studied. 

Patients and Methods 

Consecutive IBD patients treated at the gastroenterological 
and surgical units of the Helsinki University Hospital and 
Maria Hospital (a municipal hospital within the Helsinki area) 
between 1995 and 1998 or consecutive patients with UC who 
underwent colectomy in the 1990s at the Helsinki University 
hospital were asked to participate in this study. The diagnosis 
of CD and UC was established according to standard 
endoscopical and histological criteria (18). Patients with 
indeterminate colitis and those with proctitis only were 
excluded. A questionnaire on the history and details of their 
disease and the number of their affected and non-affected 
relatives was given to 1000 patients; 82% returned the 
questionnaire and consented to participate in the study. 
Patients reporting parents originating outside Finland or 
affected relatives other than first-degree relatives were 
excluded. In families with two or more affected members, 
the first member returning the questionnaire was termed the 
proband. The final material comprised 693 IBD patients, 436 
suffering from UC and 257 suffering from CD. 

Details on the course of the disease in patients and their 
affected relatives were collected from the patient records. The 
location of IBD was defined to represent the largest 
macroscopical and microscopical extent registered at some 
time during the history of the disease. To classify the severity 
of the disease, the need for medication and excisional surgery 
was taken into account. Location of the UC was considered to 
be left-sided if the colitis was restricted to the sigmoid or 
descending colon and extensive if either the right or 
transverse colon was involved. CD was graded using the 
Vienna Classification (19). 

Antibody assays 

Antibodies to ASCA and ANCA were examined from 
(^senim samples taken from a randomly chosen 100 CD and 
^^TOCMJC patients and from healthy blood donors (45 for 
determination of ASCA and 20 for ANCA). The samples were 
taken during a routine visit at return of the questionnaire, 
aliquoted, and stored at -20 °C until studied. Thus, most of 
the patients had quiescent disease at the time of serological 
studies. ASCA of IgA and IgG class were studied by the 
ELISA technique (Quanta Lite ASCA IgA and IgG kits, 
INOVA Diagnostics Inc, San Diego, Calif., USA), as 



instructed by the manufacturer. The cut-off value for IgA 
antibodies was 20 units (U) and for IgG antibodies 40 U. Anti- 
neutrophil cytoplasmic antibodies were studied by the 
indirect immunofluorescence technique using ANCA Etha- 
nol-fixed Neutrophil Slides (The Binding Site Ltd, Birming- 
ham, UK) as substrates. The sera were diluted 1:10 in 
phosphate buffered saline, pH 7.2, and the positive samples 
were titrated to the end-point by 5 -fold dilution steps. The 
samples positive for ANCA were further screened for anti- 
nuclear antibodies (ANA) at dilution 1:80 using HEp-2 ANA 
Slides (INOVA Diagnostics Inc.). The positive samples were 
titrated further by 4-fold dilution steps. Goat anti-human IgG 
F(ab') 2 (Sanofi Diagnostics Pasteur, Inc., Chaska, MN) or 
rabbit anti-human IgG, -IgA, -IgM, -kappa, -lambda; (DAKO 
A/S, Glostrup, Denmark) antibodies coupled with fluorescein 
isothiocyanate (FITC) were used as secondary antibodies for 
ANCA or ANA assays, respectively. For immunofluores- 
cence microscopy, an Olympus AX60 microscope equipped 
with epifluorescence and interference filters for FITC was 
used. The slides were read by two microscopists (A.M. and 
T.W.) independently without knowing the origin of the 
samples. The ANCA antibodies were identified as cytoplas- 
mic (cANCA) or perinuclear (pANCA) using the criteria 
suggested by the International Consensus Statement on 
testing and reporting ANCA (17). 

Ethics 

The study was approved by the ethics Review Committee 
of Helsinki University Hospital. All patients gave their 
informed consent. 

Statistics 

The Pearson chi-squared test and Fisher exact test were 
used to compare frequencies in groups of patients. Student's t- 
test for unpaired samples was used to compare continuous 
data between groups of patients. Sensitivity was defined as the 
probability of a positive test result in a patient with the disease 
under investigation, and specificity as the probability of a 
negative result in a patient without the disease. The predictive 
value of a test result is the probability of a true test in a patient 
with a given test result. 

Results 

Of the 257 patients with CD, 40 (15.6%) had familial disease, 
i.e. at least one first-degree relative suffering from IBD, while 
60 (13.8%) of the 436 patients with UC had familial disease. 
The distributions of the type of IBD in the affected first- 
degree family members of patients with CD and UC are 
shown in Table I. Thirty percent of CD probands had one or 
more first-degree relatives suffering from UC or indetermi- 
nate colitis, while 70% of the families were affected purely 
with CD. In 20 (61%) CD families, the proband's affected 
members were sibs, while in the remaining 13 (39%) CD 
families they were child-parent pairs. In three (9%) CD 



Scand J Gastroenterol 2002 (6) 



694 



L. Halme el aJ. 



Table I. Distribute n of IBD in affected first-degree family members Table II. Vienna classification of patients with Crohn disease 





Type 


of IBD in the relatives 


Diagnosis of the 
proband 


Only CD 


Only UC 


CD and UC or 
indeterminated 


CD (#i = 33) 
UC (n = 55) 


23 
6 


7 
45 


3 
4 



families there were more than two affected first-degree 
members— all sibs. Eighteen percent of the UC probands 
had first-degree relatives suffering from CD or indeterminate 
colitis, while the rest (81%) had pure UC families. The 
proband's affected family members were siblings in 30 (55%) 
UC families, child-parents in 22 (40%) and both in 3 (5%) 
families. There were five families with more than two affected 
members, including two families with three or more affected 
sibs and three families with one affected parent and two or 
more affected children. 

Clinical characteristics of the patients with CD are 
summarized in Tables II and III. Patients with familial CD 
at diagnosis were slightly older than patients with sporadic 
CD (N.S.), and compared to sporadic cases the familial cases 
more often had involvement restricted to the ileum and less 
often in both the ileum and colon (P < 0.05) (Table II). The 
frequency of bowel surgery needed was the same between 
these two CD groups, but a greater number of patients with 



Variable 


Sporadic 
(« = 217) 


Familial 
(n = 40) 


P 


Age at onset 












<40 years 


179 


(82%) 


30 


(75%) 


N.S. 


>40 years 


38 


(18%) 


10 


(25%) 




Location 












Ileum 


45 


(21%) 


15 


(38%) 




Colon 


51 


(24%) 


10 


(25%) 


<0.05 


Ileocolon 


109 


(50%) 


14 


(35%) 




Upper gastrointestina 1 tract 


12 


(6%) 


1 


(3%) 




Behaviour 












Inflammatory 


84 


(39%) 


14 


(35%) 


N.S. 


Stricturing 


78 


(36%) 


19 


(47%) 


Penetrating 


55 


(25%) 


7 


(18%) 





sporadic disease had needed medical therapies at least once in 
the course of the disease (Table II). In contrast, no such 
difference in requirement of medical therapies was seen 
between patients with sporadic and familial UC (Table IV). 

Of the 257 CD patients, 119 (46%) were smokers and 53 
(21%) were ex-smokers or casual smokers, whereas 56 ( 1 3%) 
of the 436 UC patients were smokers and 166 (38%) were ex- 
smokers or casual smokers (P<0.01). Smoking habits did 
not show any significant differences in sporadic and familial 
forms of the two diseases (Table III and IV). 

IgA types of ASCA were elevated in 44% of CD patients 
(median 34, range 5-196) and in 10% of UC patients (median 
9, range 3-67), but in none of the controls (median 6, range 3- 



Table III. Characteristics of patients with sporadic and familial forms of Crohn disease 



Variable 



Sporadic 
(n = 2!7) 



Familial 
(n = 40) 



Men (%) 

Median age at onset (years) 
Median duration of IBD (years) 
Extraintestinal 

PSC 

Arthritis 

Skin 

Iritis 
Medication 

5-ASA 

Metronidazole 
Steroids 

Immunosuppressives 
Bowel surgery 

Resection 
Once 
>Twice 

Permanent enterostomy 
Indication for surgery 

Emergency 

Complication 

Chronic active disease 

Dysplasia/carcinoma 
Perianal fistulae 

Fistulotomy 
Smoking 

No 

Ex or casual 
Yes 



92 (42%) 
26.8 (9-63) 
6.8 (0-46) 
54 (25%) 

4 

33 

10 

23 

21 1 (97%) 
154 (71%) 
173 (80%) 
lOl (47%) 

114 (52%) 
76 
38 
9 (4%) 

5 (4%) 
99 (87%) 
9 (8%) 
I (1%) 
40 (18%) 
22 

75 (35%) 
39 (18%) 
103 (47%) 



16 (40%) 
29.2 (16-62) 
8.4 (0-24) 
8 (20%) 
0 
5 
3 
1 

36 (90%) 
21 (53%) 
26 (65%) 

15 (38%) 

19 (48%) 
12 
7 

2 (5%) 
0 

18 (95%) 
I (5%) 
0 

6 (15%) 
4 

10 (25%) 
14 (35%) 

16 (40%) 



N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
N.S. 
<0.05 

N.S. 
<0.05 
N.S. 
N.S. 

N.S. 
N.S. 
N.S. 
N.S. 

N.S. 



Scand J Gastrocnierol 2002 (6) 



Familial and Sporadic IBD 



695 



Table IV. Characteristics of patients with sporadic and familial forms of ulcerative colitis 





Sporadic 
(n = 376) 


Familial 
(n = 60) 




Men (%) 


ZUo (JJVO) 


jU \j\}/0) 


XT C 


Median age at onset (years) 


too fQ_7/l\ 




N ^ 

ll. J . 


Median duration (years) 


0 *7 /A ^ 1 "\ 
8./ (U-DlJ 






Extraintestinal 


yl (24%) 


1 1 / 1 OCX, \ 




PSC 


42 


c 

J 


XT Q 


Arthritis 


Ly 


J 


N.S. 


Skin 


L 


~l 
J 


<0.0l 


Iritis 


ID 


1 

1 




Location 








Left- sided 




if V*ru /o ^ 




Extensive 




36 (60%) 




Medication 








^ A C A 


"lift <\()0<7n) 
J i\) \ l WW iO ) 


56 f91%i 


N.S. 




292 (78%) 


49 (82%) 


N.S. 


1 m mi mrt ci i im ri> c ci 

iiniiiuiiusuppicNM VCN 


26 (7%) 


6 (10%) 


N.S. 


Bowel surgery 




?i n&%i 


N.S. 


1 A A 

1AA 


QQ 
yy 


19 




Proctocolectomy 


16 


2 




Other 


8 


2 




Indication for surgery 








Emergency 


17 


6 


N.S. 


Chronic active disease 


82 


12 


Dysplasia/carcinoma 


24 


2 




Smoking 




33 (55%) 




No 


181 (48%) 




Ex or casual 


143 (38%) 


23 (38%) 


N.S. 


Yes 


52 (14%) 


4 (7%) 





19) (P < 0.01) (Fig. 1). IgG types of ASCA were elevated in 
46% of CD patients (median 17, range 3-214), in 7% of UC 
patients (median 8, range 2-124) and in 2% of controls 
(median 6, range 3-119) (P < 0.01) (Fig. 1). Considering both 



types of ASCA together, IgA and/or IgG antibodies were 
elevated in 59% of CD patients (50% of familial and 63% of 
sporadic, N.S j, 14% of UC patients (1 1 % of familial and 16% 
of sporadic, N.S.) and 2% of the controls (P < 0.01) (Table 
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Fig. I. Titrcs of IgA and IgG antibodies of ASCA in patients with CD (n = 100) and UC (n 
healthy controls (n=45). 
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sporadic UC patient. ASCA was elevated more often in CD 
patients than in UC patients (P < 0.01) and ANCA more often 
elevated in UC patients (P < 0.01) than in CD patients (Table 
V). Accuracy data for differentiating CD and UC from 
controls are given in Table VI. 

Discussion 

The present study constitutes the first report of clinical 
features of patients with CD and UC in the Finnish 
population. In this material, which comprises mainly con- 
secutive patients from a university hospital and in which 
patients with proctitis only were excluded, we found affected 
first-degree relatives in 15.6% of patients with CD and in 
13.8% of patients with UC. These percentages are similar to 
the figures reported from other European countries (21-23). 
Many studies of familial IBD have shown a high degree of 
concordance for CD or UC within families. In one study, 89% 
of first-degree relatives of patients with CD also had CD (24), 
while another series of 240 relative pairs with IBD revealed a 
concordance rate of 77% for the subtype of the disease (25). 
In the present series, 81% of affected first-degree relatives 
with UC also had UC, but only 70% of the probands with CD 
had affected first-degree relatives with CD. Thus, of 88 IBD 
families investigated 45 (51%) were UC and 23 (26%) CD 
families, while the remaining 20 (23%) families were 
considered as mixed families. 

Familially occurring CD has been reported to be associated 
with a lower proportion of patients with an exclusive colonic 
involvement, with an increased proportion of patients with 
small-bowel involvement (26-28) and with an increased 
frequency of abscess or perforation (23). In the present series, 



Table V. Prevalence of elevated ASCA and pANCA litres in patients with familial and sporadic forms of CD and UC 




n ASCA 


pANCA 


ASCA and pANCA 


Crohn disease 

Familial 

Sporadic 
Total 

Ulcerative colitis 

Familial 

S poradic 
Total 


28 14 (50 %) 
72 45 (63 %) 
100 59 (59 %)* 

37 4 (11 %) 
64 10 (16 %) 
100 14 (14 %)* 


3(11 %) 
9 (13 %) 
12 (12 %)* 

19 (51 %) 
29 (46 %) 
48 (48 %)* 




0 

4 (6 %) 
4 (4 %) 

2 (5 %) 
6 (9 %) 
8 (8 %) 


* P<0.01. 










Table VI. ASCA and pANCA results for diagnosing either UC or CD in patients with IBD 






Test 


UC CD Sensitivity 
(n = 100) {n = 100) (%) 


Specificity 
(%) 


Positive 
predictive 
value {%) 


Negative 
predictive 
value {%) 


pANCA-t- 1 
ASCA+ 2 

pANCA+ASCA- 1 
pANCA-ASCA+ 2 


48 i2 48 
14 59 59 
48 8 48 
6 55 55 


88 
86 
92 
94 


80 
81 
86 
90 


63 
68 
64 
68 



1 For UC; 2 for CD. 
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Fig. 2. Titres of pANCA in patients with CD (n = 100) and UC 
(/? = 100) and healthy controls (n = 20). 



V). pANCA levels were elevated in 3 familial CD (11%) 
patients, in 9 (13%) sporadic CD patients, in 19 (51%) 
familial UC patients, in 29 (46%) sporadic UC patients and 
were absent in all controls (Table V, Fig. 2). Anti-nuclear 
antibodies were positive (titre >80) in 11 (23%) of the 
pANCA positive UC patients and in 5 (42%) of the pANCA 
positive CD patients. cANCA level was elevated only in one 
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a familial type of CD was most often located in the ileum, 
while in patients with sporadic CD the most common location 
was the ileocolon. A minor percentage of patients with 
familial CD had needed medical treatment, but the frequency 
and indications of bowel surgery were the same. This is in 
accordance with a recent report suggesting that a positive 
family history of CD does not increase the severity of CD in 
affected patients (23). 

The clinical course of UC was similar in patients with 
sporadic and familial types of disease (Table IV). In both 
types, about two-thirds of the patients had extensive colitis, 
with no differences in the drug requirements, and in about 
one-third of patients a colectomy had been performed. 
Another series of familial UC patients reported an increased 
prevalence of total colitis (29), whereas another study 
disclosed no difference in the extent of the colitis (30). 
Genetic influences have been suggested to be of greater 
importance in modifying the course of CD than that of UC 
(31, 32), and in fact there are very few reports on the features 
of familial versus sporadic types of UC. 

A greater percentage of probands with UC were non- 
smokers or ex-smokers in comparison to probands with CD 
(87% versus 54%), which is in accordance with previous 
reports (9-i I). No difference in the smoking history was 
found between the familial and sporadic forms of UC or CD. 

The reported prevalence of elevated IgA or IgG antibodies 
for ASCA varies from 52% to 68% in patients with CD and 
from 0% to 12% in patients UC (15-17, 33). In the present 
series the corresponding figures were 59% for patients with 
CD and 14% for patients with UC, and more than half of the 
latter patients were also positive for ANCA. The prevalence 
of ASCA tended to be lower in familial than in sporadic CD 
and UC groups, which does not support the assumption that 
ASCA is marker of a genetic rather than environmental 
component underlying IBD. In the present series of patients 
the prevalences of pANCA, 48% in UC patients and 12% in 
CD patients, were in accordance with other reported series 
(12-15, 34). The fact that serum samples were taken during a 
routine visit when the disease activity was low seemed not to 
have an influence on the results. This is in accordance with 
another report in which no relation was found between the 
litre of pANCA in UC (or CD) patients and any of the 
following: disease activity, duration of illness, localization, 
extent of disease, previous bowel operations or medical 
treatment (34). Our data indicate that also in Finnish 
patients ASCA is associated with CD and pANCA with UC 
similar to reports from other European populations 
(15, 34, 35), but the value of a combination of these tests in 
the differential diagnosis of IBD is limited due to low 
sensitivity rates. 

In conclusion, the occurrence (approximately 13%) of UC 
and CD in the first-degree relatives of Finnish IBD patients is 
comparable to the estimates from other studied European 
populations. Clinical differences between patients with 
familial and sporadic forms of IBD were minor. ANCA and 



ASCA titres among familial and sporadic UC and CD patients 
were similar. 
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Summary: Introduction: Serology is reported to be helpful in 
evaluating children for inflammatory bowel disease (IBD), and 
distinguishing chronic ulcerative colitis (CUC) from Crohn's 
disease (CD). The markers include perinuclear staining anti- 
neutrophil cytoplasmic antibody (pANCA) for CUC and anti- 
Saccharomyces cerevisiae antibody (ASCA) for CD. In the 
clinical setting, hemoglobin (Hgb) and erythrocyte sedimenta- 
tion rate (ESR) are commonly performed for screening symp- 
tomatic children for IBD. We examined whether there was an 
additional benefit of serology in addition to specific symptoms 
and routine laboratory tests in screening for IBD. Method: 
Medical record data was reviewed on children investigated for 
IBD from February 1999 to April 2001. Children were included 
if they had blood analyzed for pANCA and ASCA, Hgb, ESR, 
and colonoscopy as part of their assessment. Results: Of 177 
cases reviewed, 51 were diagnosed with CUC, 39 with CD, and 
26 other inflammatory conditions. Visible rectal bleeding was 
the most discriminating symptom (occurred in 60/90 cases of 
IBD and 5/61 without IBD). There was a significant difference 
between the proportion with CUC positive for pANCA (42/51) 
and those with abnormal Hgb and ESR (30/51) (p < 0.05), but 



not between children with CD who were ASCA positive 
(18/39) and those with abnormal Hgb and ESR (26/39) (p = 
0.27). The sensitivity and specificity of combined pANCA and 
ASCA was 68% and 92%, respectively. For the combination of 
Hgb, ESR, and the presence of rectal bleeding the respective 
values were 86% and 67%. Serology combined with Hgb and 
ESR and rectal bleeding as independent factors significantly 
(p < 0.05) improved sensitivity (89%) but reduced specificity 
(60%). Screening with the combination of rectal bleeding, Hgb, 
and ESR identified 86% (77/90) patients with IBD prior to an 
endoscopic procedure. A further 3 of 90 (3.3%) screened posi- 
tive with the addition of serology. Conclusion: Serology tests 
have a high degree of specificity for IBD while routine labo- 
ratory test have a higher sensitivity. When serology is com- 
bined with rectal bleeding, Hgb, and ESR, the sensitivity of 
screening children for IBD is significantly improved. However 
the large majority of children with IBD can be identified with 
a clinical history and routine laboratory tests as needing an 
endoscopic procedure with little benefit of adding serology. 
Key Words: Serology — Inflammatory bowel disease — 
Screening. 



INTRODUCTION 

Readily available laboratory tests are used to screen 
children for inflammatory bowel disease (IBD) before an 
endoscopic procedure (1). A positive screen includes a 
decrease in hemoglobin (Hgb) or abnormal red blood cell 
indices as a result of inflammation, nutrient deficiency, 
or blood loss, and increased erythrocyte sedimentation 
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rate (ESR) from inflammation. These tests do not distin- 
guish between chronic ulcerative colitis (CUC) and 
Crohn's disease (CD). The most widely reported sero- 
logical marker for diagnostic testing in IBD is antineu- 
trophil cytoplasmic antibody (ANCA), which occurs in 
80% of individuals with CUC (2,3). The characteristic 
ANCA associated with CUC has a diffuse cytoplasmic 
pattern with perinuclear highlighting (pANCA) under in- 
direct immunofluorescent microscopy of neutrophils, 
which disappears after deoxyribonuclease (DNase) treat- 
ment (4). Antibodies that recognize mannose sequences 
in the cell wall of the yeast Saccharomyces cerevisiae 
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(ASCA) have been reported in 50% to 80% of sera from 
patients with CD depending on the yeast strain used 
(3,5). Combined pANCA and ASCA has a high degree 
of sensitivity and specificity for differentiating between 
CUC and CD in adults with IBD (5). In a study using 
serum from children with IBD, the combination of 
pANCA and ASCA had a sensitivity of 71% in the di- 
agnosis of IBD (6). 

We hypothesized that the available serology does not 
increase the yield of preendoscopic screening beyond 
that of routine laboratory tests and clinical findings. To 
test this hypothesis, we identified children who had been 
screened with serology and compared results of serology 
with routine laboratory tests and the most discriminating 
symptoms. We then combined the results to examine 
whether serology increased the number of children 
screened positive beyond routine laboratory tests and 
symptoms in selecting children for an endoscopic proce- 
dure. Sensitivities, specificities, and predictive value of 
serology were similarly compared with routine labora- 
tory and clinical parameters and again combined to see if 
there was a significant improvement on existing param- 
eters for screening symptomatic children. 

MATERIALS AND METHODS 

Data was analyzed retrospectively on children who 
had been evaluated for IBD between February 1999 and 
April 2001 by one of eight pediatric gastroenterologists 
at either the University of Minnesota in Minneapolis or 
Children's Hospitals of Minneapolis and St. Paul. Patient 
charts were reviewed between 6 and 30 months after 
initial investigation. Chart review included symptoms at 
presentation, investigations performed, and established 
diagnosis (Tables 1 , 2). The study was approved by the 
Institutional Review Boards of the Fairview University 
Medical Center and Children's Health Care of Minne- 
apolis and St. Paul. 

Patient Selection 

The study was limited to 177 children who had both 
pANCA and ASCA performed (the denominator for the 



TABLE 1. Demographics and diagnoses for children 
evaluated for inflammatory bowel disease 





Chronic 


Crohn's 


No inflammatory 




ulcerative colitis 


disease 


bowel disease" 


N 


51 


39 


61 


Sex M/F 


24/27 


21/18 


34/27 


Age range 


3-lR 


7-18 


3-18 


Mean age 


12.8 


13.2 


12.1 



• No documented evidence of inflammatory bowel disease at the 
lime of chart review. 



study) through Prometheus Laboratories. The only addi- 
tional criteria for patient selection were an automated 
complete blood count (CBC), ESR, and a colonoscopy 
with biopsies during the initial clinical assessment. All 
pediatric gastroenterologists in the city were included. 
Cases were not necessarily in sequence. Diagnosis was 
assigned by the gastroenterologist involved in the pa- 
tient's care from clinical history, investigative and endo- 
scopic findings, and histopathology. Typically serology 
was performed during the initial investigations for IBD, 
and physicians were not blind to results of serology. The 
group with IBD represented 92% of all new diagnoses in 
the pediatric population at the University of Minnesota, 
suggesting that serology was widely used for diagnostic 
purposes. Cases were not necessarily in sequence. The 
study population represented 89% of serology performed 
through Prometheus. The remaining 11% had incomplete 
data sets according to the above criteria (mainly lack of 
colonoscopy), suggesting that the physician was less 
convinced about the possibility of IBD in this group. 
Assuming that these individuals did not have IBD, the 
results were likely to improve specificity of serology and 
routine laboratory tests if they were included. Children 
who were investigated for IBD and did not have serology 
performed were not included. An analysis of all children 
diagnosed with IBD would have helped to determine the 
selectivity of patients undergoing serological testing; 
however, it would not have helped with the aim of the 
study, i.e., a comparison of the laboratory tests. Biopsies 
of the terminal ileum had been obtained in all individuals 
without a diagnosis of IBD at follow-up (group labeled 
"no IBD" in Tables 1 and 2). Five cases were included 
where severe inflammation limited the colonoscopy to 
the splenic flexure, with a clear diagnosis on histology, 
and four of five patients had CUC. 

Laboratory Testing 

A positive screen for IBD included an Hgb (STKS, 
Coulter, FL, U.S.A. [used at the University or Minne- 
sota! and Cell-Dyn, Abbott Laboratories, CA, U.S.A. 
[used at Children's Healthcare]) below the cut-off 'for 
age and/or Westergren ESR (Mini-Ves, Vaga Biomed, 
RI, U.S.A.) elevated above normal for age. The normal 
lower limit for Hgb was 10.5 g/dl for 1 to 10 years of age 
and 1 1.5 g/dl if older than 10 years. The ESR upper limit 
of normal was 15 mm/hr for 0 to 16 years of age and 
males older than 16 years, and 20 mm/hr females older 
than 16 years. 

The Prometheus Laboratories (San Diego, CA, 
U.S.A.) method for pANCA and ASCA has been de- 
scribed previously (6). Results were considered positive 
as designated by Prometheus Laboratories. Briefly, their 
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TABLE 2. The number of children with specific symptoms, positive routine laboratory tests, 

and positive serology 

Chronic 





ulcerative 


Crohn's 


No inflammatory 






colitis 


disease 


bowel disease 


p value" 


N 


51 


39 


61 




Main symptoms 










Diarrhea 


37 


21 


18 


<0.05 


Visible rectal bleeding 


37 


10 


5 


<0.05 


Pain 


34 


27 


46 


0.35 


Weight loss 


5 


13 


5 


0.05 


Laboratory results 








l^ow Hgb 


21 


16 


6 


<0.05 


Elevated ESR 


21 


23 


12 


<0.05 


Abnormal Hgb or ESR 


30 


26 


15 


<0.05 


Rectal bleeding and/or abnormal Hgb/ESR 


47 


30 


20 


<0.05 


Serology 








pANCA+ 


42 


2 


3 


<0.05 


ASCA+ 


2 


18 


2 


<0.05 


Combined 








Serology and/or abnormal Hgb/ESR 


46 


29 


18 


<0.05 


Serology and/or abnormal Hgb/ESR or rectal bleeding 


49 


31 


23 


<0.05 



a Comparison of children with chronic ulcerative colitis and Crohn's disease (combined) with those without 
inflammatory bowel disease using the chi-squared test. 

Hgb, hemoglobin; ESR. erythrocyte sedimentation rate; pANCA. perinuclear antineutrophil cytoplasmic 
antibody; ASCA, anti-Saccharomyces cerevisiae antibody. 



ASCA (CD-Dx-1) based on well-defined positive and 
negative controls, is an enzyme-linked immunosorbent 
assay (ELISA). Results are positive if immunoglobulin 
(Ig)A antibodies are above 20 EU/mL and or IgG anti- 
bodies are above 40 EU/mL. Immunoglobulin IgA levels 
to rule out the possibility of IgA deficiency as cause of 
false negative ASCA were not obtained as part of the 
clinical assessment. The pANCA (UC-Dx-1) initial 
ELISA is followed by immunofluorescence for perinu- 
clear staining in samples above the laboratory cut-off. 
The patients were not further categorized on ELISA titer 
levels or DNAse immunofluorescence as part of our in- 
vestigation. 

Statistical Analysis 

Children in whom CUC and CD were diagnosed were 
compared with children who did not have IBD at the 



time of chart review (Tables 1-3). Sensitivity was de- 
fined as the percentage of true positives, and specificity 
as the percentage of true negatives. The predictive value 
of a positive test was defined as the percentage of indi- 
viduals with a positive test who had disease and the 
predictive value of a negative test as the percentage of 
patients with a negative tests in the absence of disease 
(5). The chi-squared test was used to compare symptoms, 
laboratory and serology results, and their combinations 
(Minitab; Addison Wesley Longman, MA, U.S.A.). 

Data from 26/177 children diagnosed with indetermi- 
nate colitis (n = 15), eosinophilic colitis (n = 7), and 
infectious colitis (n = 4) were not included in the sta- 
tistical analysis. For the latter two disorders, the results 
would be expected to be dichotomous and therefore 
could not be compared directly. Inflammation would be 
reflected in symptoms and abnormal Hgb and or ESR, 
while serology would be expected to be negative. This 



TABLE 3. Sensitivity, specificity, positive and negative predictive value of serology, abnormal laboratory tests, and rectal 
bleeding for screening children with inflammatory bowel disease (%) 

Positive serology 

Screening test combinations for ASCA+ and/or Abnormal Abnormal Hgb/ESR Positive serology and/or abnormal Hgh/ESR 

the diagnosis of IBD pANCA+ Hgb/ESR and rectal bleeding and/or abnormal Hgb/ESR and rectal bleeding 

Sensitivity 68 62 ~86 83 89 

Specificity 92 75 67 70 62 

Predictive value of positive test 92 79 79 81 78 

Predictive value of negative test 66 58 76 74 79 

ASCA. anu-Saccharomyces cerevisiae antibody; pANCA. perinuclear antineutrophil cytoplasmic antibody; Hgb, hemoglobin; ESR, erythrocyte 
sedimentation rate. 
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may be a valid method of discerning IBD from other 
forms of inflammation; however, a colonoscopic exami- 
nation would still be required for diagnosis. Serology 
was negative in this group, apart from one child with 
indeterminate colitis who was pANCA-positive and a 
second who had a borderline positive ASCA at initial 
investigation but was negative when repeated within 2 
weeks. 

RESULTS 

The most common symptoms at presentation are listed 
in Table 2. Less frequent symptoms included nausea, 
vomiting, fever, fatigue or lethargy, and pallor. Visible 
bleeding per rectum was the most discriminating symp- 
tom for individuals with IBD compared with the group 
without IBD (p < 0.05); also, there was a significant 
difference for diarrhea (p < 0.05) but not abdominal pain 
(p = 0.35). 

The number of individuals with positive serology in 
each diagnostic category are listed in Table 2. Both in- 
dividuals who were ASCA positive but without IBD 
(false positives) were investigated with upper endoscopy 
and small bowel follow-through. Results of ASCA in CD 
included IgA, 7 of 39, IgG, 3 of 39, and both, 8 of 39. CD 
limited to the small bowel was present in 5 of 39. Four of 
5 had abnormal laboratory tests and abnormal serology. 
Of the serology-positive children with IBD, 3 of 61 were 
both ASCA- and pANCA-positive, 1 of 3 with CD and 2 
of 3 with CUC. There was a significant difference be- 
tween the proportion with a positive pANCA (42/5 1 ) and 
the combination of Hgb and ESR (30/5!) for CUC (p < 
0.05). The proportion of ASCA-positive children with 
CD (18/39) was less than those screened with the com- 
bination of Hgb and ESR (26/39). The difference was not 
statistically significant (p = 0.27). 

Sensitivity and Specificity 

The sensitivity and specificity, respectively, for CUC 
were 3.9%. 99% (pANCA + , ASCA*), 77%, 96% 
(pANCA\ ASCA"), 0%, 81% (pANCA", ASCA + ), 
22%, 78% (pANCA", ASCA"). For CD, the respective 
values were 2.6%, 98% (pANCA + , ASCA + ), 2.6%, 63% 
(pANCA + , ASCA"), 44%, 97% (pANCA", ASCA+), 
56%, 60% (pANCA", ASCA'). Table 3 shows the sen- 
sitivities and specificities of serology and routine labo- 
ratory tests in screening for IBD. The highest sensitivity 
was obtained with the combination of Hgb, ESR, and 
rectal bleeding (86%), while the specificity was highest 
with serology (combined pANCA and ASCA) (92%). 
The potential value of serology in screening symptom- 
atic children is shown in Table 4. Three of 90 children 



would have been screened positive by the addition of 
serology to routine laboratory tests. 

DISCUSSION 

An ideal screening test should be disease specific and 
sensitive, simple to apply, minimally invasive, inexpen- 
sive, and individually reproducible, with respect to pa- 
tients and laboratories (2). Combined serology with 
pANCA and ASCA showed excellent specificity for the 
diagnosis of IBD. The combination of routine laboratory 
tests and presence of rectal bleeding had better sensitiv- 
ity then serology (Table 3). On the other hand, the speci- 
ficity of routine tests was poor in comparison to serol- 
ogy, and the addition of other nonspecific markers while 
improving sensitivity may have resulted in a further loss 
of specificity. The short falls of serology were related to 
ASCA. Our data indicated that one-half of children with 
CD were not identified by serology in clinical practice. 
The percentage of CD cases screened positive with 
ASCA were less than those screened positive for IBD 
with routine laboratory tests. Furthermore, children with 
CD who were ASCA positive also were positive with 
routine laboratory tests. Taking in to consideration the 
presence of rectal bleeding, routine laboratory tests, and 
serology, only 76% of children with CD in our series 
would have been identified as possibly having IBD prior 
to an endoscopic procedure. It is clear from our data that 
negative results for any or all these laboratory tests 
should not preclude an endoscopic procedure in symp- 
tomatic children. 

Other than diagnostic screening, the role of routine 
laboratory tests is different than serology in the manage- 
ment of IBD. A raised ESR correlates with the degree of 
intestinal inflammation making it suitable for monitoring 
treatment (2,7,8). In contrast, serology has no role in 
monitoring disease. Treatment does not alter the expres- 
sion of pANCA, and in the studies so far, the indications 
are that ASCA behaves similarly (3). Some authors have 

TABLE 4. The effect of adding serology to routine 
screening tests in identifying patients for an 
endoscopic procedure 



Inflammatory No inflammatory 
bowel disease bowel disease 
n = 90 n = 61 



Visible rectal bleeding 


61 


5 


+ 

Additional positives from 






screening with Hgb and ESR 


16 


20 


+ 

Additional positives from 






screening with serology 


3 


3 



Hgb, hemoglobin; ESR. erythrocyte sedimentation rate. 
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suggested that ASCA titers may be reduced with treat- 
ment (7). Anli-Saccharomyces cerevisiae antibody posi- 
tivity is related to small bowel CD, a feature not ad- 
equately examined in our study due to the small number 
of patients with disease limited to the small bowel (3,7). 
It also is expressed by unaffected first-degree family 
members of CD patients (9). A similar proportion (20%) 
of healthy relatives of CD patients have been reported as 
having increased intestinal permeability (10). Antibodies 
to a glycoprotein antigen of Saccharomyces cerevisiae 
were also reported in 6 of 10 controls in comparison with 
8 of 10 Crohn's cases in one study (11). This may 
be a reflection on the lack of standardized ASCA serol- 
ogy (6). 

There remains an ongoing debate as to the role of 
serology in the management of IBD (12). Indeterminate 
colitis is suggested to be an area where serology for IBD 
may prove to be useful (10,13). In our series, individuals 
with indeterminate colitis were serology negative. This 
may be a result of bias, as physicians were not blinded to 
the results of serology. The proportion of individuals 
with indeterminate colitis was very similar to those of 
previous studies (5,7). Incidentally, in our series, the as- 
signment of a specific diagnosis to individuals from the 
group with indeterminate colitis would have reduced the 
sensitivity of serology. Positive pANCA in 83% of in- 
dividuals with CUC in our series was similar to previous 
reports (3,5,7). This suggests that the population of chil- 
dren screened with serology in our clinical practice was 
similar to the cohorts in previous studies (5,7,14). In 
contrast to some previous reports (6), ASCA was posi- 
tive in fewer than 50% of CD cases. A study in the Greek 
adult population also reported limited sensitivity of 
ASCA for CD (14). The authors postulated that the phe- 
notype of their population may be different than that of 
other studies. A more recent reviewer indicated that this 
finding was a limitation of the test (15). The sensitivity 
of the serology tests from Prometheus Laboratories was 
analyzed in a recent study (16). The authors examined 
how altering the cut-off levels for the serological assays 
improved sensitivity for the initial screening tests (the 
first step). The modifications also resulted in reduced 
specificity. Our results showed that the sensitivity of 
screening was improved by combining serology from 
Prometheus Laboratories with conventional screening 
tests from 86% to 89% (Table 3), and would have re- 
sulted in 3 of 90 additional cases (Table 4) screened 
positive before an endoscopic procedure was performed. 
As a diagnostic tool, serology may therefore add little to 
existing laboratory tests and clinical history. Our find- 
ings are in keeping with a recent editorial review (12). 
There also is a significant cost attached to combined 



serology with ASCA and pANCA, which at present are 
only performed in a few centers. Results may therefore 
only become available after endoscopic evaluation has 
been completed. In the clinical setting where Hgb and 
ESR are usually performed early in the investigation of 
IBD, symptomatic children who screen positive with 
routine laboratory tests should undergo an endoscopic 
procedure regardless of serology results (15,16). Further- 
more in our study only 80 of 90 individuals were iden- 
tified before endoscopy using all parameters, indicating 
that a clear detailed history and a high index of suspicion 
are the most valuable part of the screening process. 
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DOCUMENT-IDENTIFIER: US 6727073 Bl 
TITLE: Method for detecting enteric disease 



Brief Summary Text (20): 

Diarrhea may be caused by factors other than invasive enteric pathogens, and it is particularly useful for 
the treating physician to know whether, in the absence of various pathogens that are typically assayed, 
the diarrhea is associated with an inflammatory condition of the intestines or has other, non- 
inflammatory-and hence, generally, non-pathogenic-causes. Lactoferrin is an iron-binding bactericidal 
protein contained in granules in polymorphonuclear (PMN) leukocytes and is found in intestinal 
secretions, as well as in other secretions. Since the PMNs increase rapidly in number in response to an 
infection, the number of lactoferrin granules also increases. Studies have shown that the presence of 
fecal lactoferrin is a reliable general indicator of inflammation in the intestinal tract. See Choi et al.; To 
Culture or Not to Culture : Fecal Lactoferrin Screening for Inflammatory Bacterial Diarrhea, in: Journal 
of Clinical Microbiology, April 1996, p. 928-932. Because lactoferrin is also found in breast milk, fecal 
lactoferrin found in breast-fed infants is not an effective indicator of an inflammatory intestinal 
condition, as the presence of lactoferrin from breast milk will lead to false positives. Nevertheless, a 
method for detecting multiple enteric foodborne pathogens that includes a general indicator for an 
inflammatory condition of the intestines will provide the physician who is treating a patient other than a 
breast-fed infant with valuable information. 

Other Reference Publication (14): 

Sugi et al., " Fecal Lactoferrin as a Marker for Disease Activity in Inflammatory Bowel Disease: 
Comparison with Other Neutrophil -derived Proteins", The American J. of Gastroenterology, vol. 91, pp. 
927-9.34, 1996, USA. 

Other Reference Publication (17): 

Fine, et al., "Utility of a Rapid Fecal Latex Agglutination Test Detecting the Neutrophil Protein, 
Lactoferrin, for Diagnosing Inflammatory Causesd of Chronic Diarrhea", American J. of 
Gastroenterology, vol. 93, No. 8, 1998, pp. 1300-1305. USA. 
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. DOCUMENT-IDENTIFIER: US 20010036639 Al 

1 TITLE: Method for diagnosing immunologic food sensitivity 



CLAIMS: 

1 . A method for diagnosing an immunologic food sensitivity comprising the steps of: collecting a fecal 
sample; screening the fecal sample to detect the presence of an antibody to a particular food substance; 
and diagnosing an immunologic food sensitivity based on the presence of the antibody. 

2. The method of claim 1 further comprising the step of concentrating the fecal sample to obtain a 
testing portion after said collecting step and wherein said testing portion is the sample in said screening 
step. 

4. The method of claim 2 further comprising the step of homogenizing the fecal sample prior to said 
concentrating step. 

8. The method of claim 2 wherein said concentrating step comprises the steps of: centrifuging the fecal 
sample; removing a supernatant portion from the centrifuged fecal sample; and using the supernatant 
portion as the testing portion. 

12. The method of claim 2 wherein said concentrating step comprises the steps of: freeze-drying the 
fecal sample to a solid material; and reconstituting the solid material with water to form a reconstituted 
testing portion. 

14. The method of claim 2 wherein said fecal sample contains more than about 90% water in its excreted 
state and wherein said concentrating step comprises the steps of: freeze-drying the fecal sample to a 
solid material; and reconstituting the solid material with water to form a reconstituted testing portion. 

21. The method of claim 19 wherein said yeast is Saccharomyces cervesiae. 

43. The method of claim 33 wherein said sample is a fecal sample. 

44. The method of claim 43 further comprising the step of concentrating said fecal sample to obtain a 
testing portion prior to said screening step and wherein said testing portion is the sample in said 
screening step. 

45. The method of claim 44 further comprising the step of homogenizing the fecal sample prior to 
concentrating said sample. 

49. A method for diagnosing an immunologic drug sensitivity comprising the steps of: collecting a fecal 
sample; screening the fecal sample to detect the presence of an antibody to a particular drug substance; 
and diagnosing an immunologic drug sensitivity based on the presence of the antibody. 

50. The method of claim 49 further comprising the step of concentrating the fecal sample to obtain a 
testing portion prior to said screening step and wherein said testing portion is the sample in said 
screening step. 

52. The method of claim 50 wherein said concentrating step comprises the steps of: centrifuging the 
fecal sample; removing a supernatant portion from the centrifuged fecal sample; and using the 
supernatant portion as the testing portion. 
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54. The method of claim 50 wherein said concentrating step comprises the steps of: freeze-drying the 
fecal sample to a solid material; and reconstituting the solid material with water to form a reconstituted 
testing portion. 

56. The method of claim 55 further comprising the following steps: collecting a fecal sample; screening 
the fecal sample to detect the presence of an antibody to a particular food substance; and confirming 
diagnosis of an immunologic food sensitivity based on the presence of the antibody. 

57. The method of claim 56 further comprising the step of concentrating the fecal sample to obtain a 
testing portion and wherein said testing portion is the sample in said screening step. 

58. The method of claim 57 further comprising the step of homogenizing the fecal sample prior to 
concentrating said sample. 

60. The method of claim 57 wherein said concentrating step comprises the steps of: centrifiiging the 
fecal sample; removing a supernatant portion from the centrifuged fecal sample; and using the 
supernatant portion as the testing portion. 

62. The method of claim 57 wherein said concentrating step comprises the steps of: freeze-drying the 
fecal sample to a solid material; and reconstituting the solid material with water to form a reconstituted 
testing portion. 
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fsj (57) Abstract: A method and apparatus for the differentiation of ulcerative colitis from Crohn's disease and other gastrointestinal 
illnesses using the presence of anti-neutrophil cytoplasmic antibodies (ANCA) as a marker of ulcerative colitis is described. The ap- 

O pararus consists of either a qualitative enzyme-linked immunoassay or other immunoassay that utilizes antibodies specific to human 
immunoglobulins for the measurement of total endogenous ANCA in a human sample. The method and apparatus can be used by 

^ healthcare providers to distinguish ulcerative colitis from Crohn's disease and other gastrointestinal. 
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METHOD FOR DISTINGUISHING ULCERATIVE COLITIS FROM 
CROHN'S DISEASE BY DETECTING THE PRESENCE OF FECAL 
ANTI-NEUTROPHIL CYTOPLASMIC ANTIBODIES (ANCA) 

BACKGROUND OF THE INVENTION 

5 This invention relates to non-invasive methods for differentiating 

clinical subtypes of Inflammatory Bowel Disease, namely Crohn's disease (CD) 
and ulcerative colitis (UQ. More specifically, this invention relates to a method 
and apparatus for aiding in the differentiation of Crohn's disease from ulcerative 
colitis by determining the presence of anti-neutrophil cytoplasmic antibodies 

10 (ANCA), wherein the presence of ANCA is indicative of ulcerative colitis. In 
addition, the presence of fecal ANCA may be used to differentiate ulcerative 
colitis from other gastrointestinal illnesses such as Irritable Bowel Syndrome. 

An estimated 1 million Americans suffer from Inflammatory 
Bowel Disease (B3D). IBD is characterized by a chronic inflammatory response 

15 that results in histologic damage to the intestinal lining. Crohn's disease may 
involve the entire gastrointestinal tract and include inflammation extending into 
the transmural mucosa, whereas ulcerative colitis affects solely the large bowel 
and includes inflammation of the innermost lining. These two distinct diseases 
require a rapid differential diagnosis for optimal treatment Conventional 

20 methods utilizing multiple endoscopy examinations and histological analysis may 
take years to confirm a diagnosis. U.S. Patent No. 6,218,120 discloses a method 
of determining the presence of serum ANCA as a marker to diagnose IBD. 
However, it does not disclose a method for diagnosing ulcerative colitis in a 
patient diagnosed with IBD. Further, the method does not disclose testing human 

25 feces for the presence of ANCA. 

Accordingly, there remains a need in the diagnostic industry for a 
non-invasive method of differentially diagnosing ulcerative colitis from Crohn's 
disease or other gastrointestinal illnesses. 

SUMMARY OF THE INVENTION 
30 Accordingly, in one of its aspects, the present invention provides 

non-invasive methods for differentiating between diagnoses of ulcerative colitis 
and Crohn's disease. 
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In another of its aspects, the present invention provides methods 
for differentiating between ulcerative colitis and Crohn's disease wherein the 
presence of fecal ANCA is used as a marker for ulcerative colitis. 

In a further aspect, the present invention provides immunoassays, 
5 e.g., and enzyme-linked immunoassays, that utilize antibodies specific to human 
immunoglobulins for the measurement of total endogenous ANCA in human 
feces. 

In yet another of its aspects, the present invention provides 
methods differentially diagnosing ulcerative colitis from other gastrointestinal 

10 illnesses such as Irritable Bowel Syndrome (IBS). In still another of its aspects, 
the present invention provides methods for diagnosing ulcerative colitis wherein 
the presence of ANCA is used as a marker for ulcerative colitis. 

According to the present invention, the foregoing and other 
aspects are achieved by a non-invasive method for aiding in the differentiation of 

15 ulcerative colitis from Crohn's disease in a patient presenting with IBD. In the 
method of the present invention, fecal ANCA are used as a marker and the 
presence of ANCA indicates a differential diagnosis of ulcerative colitis. This 
rapid diagnosis may then be used by healthcare professionals to prescribe proper 
treatment 

20 Aspects of the present invention are further achieved by 

immunoassays that utilize antibodies specific to human immunoglobulins for the 
measurement of total endogenous ANCA in human feces. 

Additional aspects of the invention, together with the advantages 
and novel features appurtenant thereto, will be set forth in part in the description 

25 which follows, and in part will become apparent to those skilled in the art upon 
examination of the following, or may be learned from the practice of the 
invention. The objects and advantages of the invention may be realized and 
attained by means, instrumentality's and combinations particularly pointed out in 
the appended claims. 

30 BRIEF DESCRIPTION OF THE VIEW OF THE DRAWING 

Fig. 1 is a graphical representation of a standard curve of anti- 
neutrophil cytoplasmic antibodies in accordance with an embodiment of the 
present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

The present invention is directed to non-invasive methods for 
differentiating between ulcerative colitis and Crohn's disease using the presence 
of fecal ANCA as an indicator of ulcerative colitis. The present invention also is 
5 directed to a method for differentiating between ulcerative colitis and other 
gastrointestinal illnesses such as IBS. The present invention is further directed to 
immunoassays that utilize antibodies specific to human immunoglobulins for the 
measurement of total endogenous ANCA in human feces. The particular 
embodiments described herein are intended in all respects to be illustrative rather 
10 than restrictive. Alternative embodiments will become apparent to those skilled 
in the art to which the present invention pertains without departing from its 
scope. 

ANCA specific immunoassays may be used to differentiate 
ulcerative colitis and indeterminate colitis from Crohn's disease by measurement 

15 of the presence of total endogenous ANCA. In addition to fecal matter, a sample 
of whole blood, serum, plasma or other bodily fluid or tissue may be tested for 
ANCA to diagnose ulcerative colitis. This differential diagnosis may then be 
used by healthcare professionals for determining optimal treatment A qualitative 
immunoassay, such as a later flow dipstick that utilizes both monoclonal and 

20 polyclonal antibodies to endogenous human ANCA to indicate the presence of 
ulcerative colitis. 

In the qualitative immunoassay, the fecal or bodily sample is 
diluted 10 fold and added to a well containing immobilized neutrophilic antigens. 
If endogenous fecal ANCA is present, it will bind to the neutrophilic antigens 

25 during an incubation step at 37°C. Following the incubation, polyvalent 
antibodies to human immunoglobulin coupled to an enzyme, such as a 
horseradish peroxidase enzyme, (conjugate) is added and allowed to bind to 
captured ANCA. Unbound conjugate is then washed from the well and one 
component substrate (e.g., tetramethylbenzidene and hydrogen peroxide) is added 

30 for color development Following the substrate incubation, 0.1M sulfuric acid is 
added to stop the reaction and the optical density (OD) is obtained 
spectrophotometrically at 450 nm. 
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In a clinical study, a total of 98 IBD patients were enrolled and 
comprised 51% males and 49% females with an age range of 0 to 69 years. The 
approximate 1 to 1 ratio is similar to the ratio observed in IBD patient 
populations. The IBS patient group had an age range of 5 to 39 years with 57% 
5 males and 43% females. The healthy controls were 55% male and 45% female 
and comprised the age range of 20 to 79 years. Individual numbers for each age 
group are shown in Table 1 . 
TABLE 1. Summary of patient population. 









Total number of IBD patients 


98 




No. Males 


50 




No. Females 


48 




Total number of patients with Crohn's Disease 


47 




No. Males 


26 




No. Females 


21 




Total number of patients with ulcerative colitis 


51 




No. Males 


24 




No. Females 


27 




Total number of patients with irritable bowel syndrome 


7 




No. Males 


4 




No. Females 


3 




Total number of healthy persons 


11 




No. Males 


6 




No. Females 


5 





10 



There were 51 ulcerative colitis (UC) patients, 47 Crohn's disease 
(CD) patients, 7 irritable bowel patients (IBS), and 11 healthy (H) adults 
recruited for the study. Fecal specimens were collected from each enrolled patient 
and stored at -70°C until tested. Specimen consistency ranged from solid to 
15 liquid. The level of fecal ANCA was determined using the qualitative ANCA 
ELISA as previously described. Disease activity was defined using elevated 
fecal lactoferrin as an indicator of intestinal inflammation. A dilution of 1:10 
was used in the qualitative EUSA test and results were reported as positive 
(absorbance values > 0.140) or negative (absorbance values < 0.140). The mean 
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optical densities, standard deviation and P values (two-tailed student T-test with 
unequal variance) were determined for the ANCA positive ulcerative colitis 
patients. Of the 26 patients that tested positive for fecal ANCA, there were four 
patients had Crohn's Disease, 21 had ulcerative colitis and one patient was 
5 healthy. ANCA-positive ulcerative colitis showed a mean ± SD OD450 of 0.311 ± 
0.166. The mean optical density for the ulcerative colitis patients was 
significantly different from IBS and healthy persons (p value<0.0005). A 
summary of the statistical analysis is listed in Table 2. 

TABLE 2. Summary of the mean, standard deviation and P values for 
10 qualitative ELSA test Optical Densities 



''Groups , 




Mean- 
Density 


^ ■ 

|tS.taitida^|} < 
Deviation- 

rill 


Ranges 


J" 'IP Value's " 

%; $ ^ ■ <. • v 


ANCA + 
UC 


21 


0.311 


0.166 


0.141-0.804 


UC vs CD 
p<0.5 


ANCA + 
CD 


4 


0.209 


0.115 


0.141-0.381 


UC vsCD, IBS.H 
p<0.0005 


IBS 


7 


0.078 


0.027 


0.047-0.121 


UCvsCD, IBS 
p<0.005 


Healthy 


11 


0.071 


0.041 


0.039-0.104 


UCvsIBS,H 
p<0.0005 



In the group of patients with IBD, there were 47 with Crohn's 
disease and 51 with ulcerative colitis. In the ulcerative colitis group, 41% were 
1 5 positive. In the Crohn's disease group, a total of 9% patients were positive using 
the qualitative ELISA test Of the 11 healthy persons, 1 was positive and all 7 
IBS patients were negative by the qualitative ELISA test A summary of positive 
results for the qualitative ELISA test are shown in Table 3 and individual results 
are listed in Table 4 and Table 5. 

20 
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TABLE 3. Summary of positive results for Crohn's disease, ulcerative 
colitis, and IBS 



Total : . : ■ 'iy ?* ' 
Assessments ^N ==>il6- 5^ 


T6taj v 


Fecal ANCA 


. :. Fecal ANC^r 


Total JED (Crohn's disease 
and ulcerative colitis) 


98 


26% (25) 


75% (73) 


Total Crohn's Disease 


47 


9% (4) 


91% (43) 


Total Ulcerative Colitis 


51 


41% (21) 


59% (30) 


Total IBS 


7 


0 


7 


Total Healthy Persons 


11 


9%(1) 


91%(10) 



5 When distinguishing ulcerative colitis from Crohn's disease, the 

qualitative ELISA test exhibited a sensitivity of 41% and specificity of 92%. The 
predictive positive and negative values were 84% and 59%, respectively, and the 
correlation was 65% (Table 4). 

TABLE 4. Statistical evaluation using the qualitative ELISA test to 
10 distinguish Crohn's disease from ulcerative colitis 









ANCA positive 


21 


4 


ANCA negative 


30 


43 



Sensitivity 


41% 


Specificity 


92% 


Predictive Positive Value 


84% 


Predictive Negative Value 


59% 


Correlation 


65% 



When distmguishing ulcerative colitis from irritable bowel 
15 syndrome and healthy persons, the qualitative ELISA test exhibited a sensitivity 
of 41% and a specificity of 92%. The predictive positive and negative values 
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were 81% and 67%, respectively, and the correlation was 70% as shown in Table 
5. 

TABLE 5. Statistical evaluation using the qualitative ELISA test to 
distinguish ulcerative colitis from Crohn's disease, irritable bowel syndrome 
5 and healthy persons 





j5^0Xcjerative-coutis & 




ANCA positive 


21 


5 


ANCA negative 


30 


60 



Sensitivity 


41% 


Specificity 


92% 


Predictive Positive Value 


81% 


Predictive Negative Value 


67% 


Correlation 


70% 



The sensitivity of the qualitative ELISA test was determined using 

10 serial two fold dilutions of human ANCA positive serum. For the analysis, 

standard curves were generated using the sample diluent. The test was 

consistently positive to a titer of 0.063 as determined by a cutoff absorbance 

value of t 0.200. Individual results are shown below in Table 6 and standard 

curves are shown in FIG. 1. 

15 TABLE 6. Standard curves generated using qualitative ELISA test (cut-offs 
are in bold) 



lls^ultp 


Sill 


■ >Test2^l 








1.000 (Neat) 


1.441 


1.469 


1.525 


1.478 


0.043 


0.500 


1.098 


0.941 


1.014 


1.018 


0.079 


0.250 


0.717 


0.595 


0.666 


0.659 


0.061 


0.125 


0.492 


0.428 


0.444 


0.455 


0.033 


0.063 


0327 


0.303 


0.320 


0.317 


0.012 


0.032 


0.196 


0.295 


0.221 


0.237 


0.051 


0.016 


0.132 


0.184 


0.179 


0.165 


0.029 


Diluent 


0.067 


0.093 


0.109 


0.090 


0.021 



Table 7, below, contains the clinical data and test results for 
20 patients with ulcerative colitis that participated in the study. Table 8, below, 
contains the clinical data and test results for patients with Crohn's disease that 
participated in the study. Table 9, below, contains the clinical data and test 
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results for patients with irritable bowel syndrome that participated in the study. 
Table 10, below, contains the clinical data and test results for health patients that 
participated in the study. 

TABLE 7. Clinical data and ELISA results for ulcerative colitis patients. 
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TABLE 8. Clinical data and ELISA results for Crohn's disease patients. 
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TABLE 9. Clinical data and ELISA results for Irritable bowel syndrome 
patients. 
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5 TABLE 10. Clinical data and ELISA results for healthy persons. 
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In summary, the present invention is directed to non-invasive 
methods for aiding in the differentiation of ulcerative colitis from Crohn's disease 

10 by determining the presence of ANCA as a marker of ulcerative colitis. The 
present invention is further drawn to immunoassays, e.g., qualitative enzyme- 
linked immunoassays, that utilize antibodies specific to human immunoglobulins 
for the measurement of total endogenous ANCA in human feces. The present 
invention has been described in relation to particular embodiments which are 

15 intended in all respects to be illustrative rather than restrictive. Alternative 
embodiments will become apparent to those skilled in the art to which the present 
invention pertains without departing from its scope. 
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From the foregoing, it will be seen that this invention is one well 
adapted to attain all the ends and objects hereinabove set forth together with other 
advantages which are obvious and which are inherent to the method. 

It will be understood that certain features and subcombinations are 
5 of utility and may be employed without reference to other features and 
subcombinations. This is contemplated by and is within the scope of the claims. 
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CLAIMS 

Having thus described the invention, what is claimed is: 

1. A method for testing a fecal sample, the method 
5 comprising: obtaining a fecal sample from a person; and determining whether 

anti-neutrophii cytoplasmic antibodies are present in the sample. 

2. The method of claim 1, wherein if the sample contains 
anti-neutrophil cytoplasmic antibodies, a diagnosis of ulcerative colitis may be 
substantially concluded. 

10 3. The method of claim 2, wherein the presence of anti- 

neutrophil cytoplasmic antibodies is used to aid in the differentiation of ulcerative 
colitis from Crohn's disease. 

4. The method of claim 2, wherein the presence of anti- 
neutrophil cytoplasmic antibodies is used to aid in the differentiation of ulcerative 

1 5 colitis from other gastrointestinal illnesses. 

5. The method of claim 4, wherein the other gastrointestinal 
illness is irritable bowel syndrome. 

6. The method as recited in claim 1, wherein the endogenous 
anti-neutrophil cytoplasmic antibodies comprise the total anti-neutrophil 

20 cytoplasmic antibodies. 

7. The method as recited in claim 1, further comprising: 
diluting the fecal sample. 

8. The method as recited in claim 7, further comprising: 
contacting the sample with neutrophil cytoplasmic antigens to create a treated 

25 sample. 

9. The method as recited in claim 8, further comprising: 
contacting the treated sample with polyvalent antibodies to human 
immunoglobulin to create a readable sample. 
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10. The method as recited in claim 9, further comprising: 
deterniining an optical density of the readable sample at 450 nm, wherein the 
optical density corresponds to a level of endogenous anti-neutrophil cytoplasmic 
antibodies in the sample. 

5 11. A diagnostic assay for diagnosing ulcerative colitis by 

determining the endogenous anti-neutrophil cytoplasmic antibodies, the assay 
comprising: obtaining a human fecal sample; diluting the fecal sample; 
contacting the sample with neutrophil cytoplasmic antigens to create a treated 
sample; contacting the treated sample with polyvalent antibodies to human 
10 immunoglobulin to create a readable sample; determining the optical density of 
the readable sample at 450 nm. 

12. The diagnostic assay as recited in claim 1 1, wherein if the 
readable sample contains endogenous anti-neutrophil cytoplasmic antibodies, a 
diagnosis of ulcerative colitis is substantially concluded. 

15 13. The diagnostic assay as recited in claim 12, wherein the 

antibodies are one of IgG, IgE, IgM, IgD, igA seC| IgA, and combinations thereof. 

14. The diagnostic assay as recited in claim 1, wherein the 
assay comprises one of an enzyme-linked immunoassay and a lateral flow 
membrane test. 

20 15. A kit for diagnosing ulcerative colitis by testing a fecal 

sample from a person to be diagnosed, the kit comprising: one or more 
microassay plates, each the plate containing neutrophil cytoplasmic antigens; 
polyvalent antibodies to human immunoglobulin; and enzyme substrate for color 
development. 

25 16. The kit as recited in claim 15, further comprising a stop 

solution for quenching the reaction. 
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17. A method for screening for ulcerative colitis, the method 
comprising: obtaining a sample from a person; determining whether anti- 
neutrophil cytoplasmic antibodies are present in the sample; and if so, a diagnosis 
of ulcerative colitis may be substantially concluded. 

5 18. The method of claim 17, wherein the presence of anti- 

neutrophil cytoplasmic antibodies is used to aid in the differentiation of ulcerative 
colitis from Crohn's disease. 

19. The method of claim 17, wherein the presence of anti- 
neutrophil cytoplasmic antibodies is used to aid in the differentiation of ulcerative 

10 colitis from other gastrointestinal illnesses. 

20. The method as recited in claim 17, wherein the 
endogenous anti-neutrophil cytoplasmic antibodies comprise the total anti- 
neutrophil cytoplasmic antibodies. 

21. The method as recited in claim 17, further comprising: 
15 diluting the sample. 

22. The method as recited in claim 21, further comprising: 
contacting the sample with neutrophil cytoplasmic antigens to create a treated 
sample. 

23. The method as recited in claim 22, further comprising: 
20 contacting the treated sample with polyvalent antibodies to human 

immunoglobulin to create a readable sample. 

24. The method as recited in claim 23, further comprising: 
determining an optical density of the readable sample at 450 nm, wherein the 
optical density corresponds to a level of endogenous anti-neutrophil cytoplasmic 

25 antibodies in the sample. 

25. The method as recited in claim 17, wherein the sample is 
one of human feces, whole blood, serum, plasma, human bodily fluid and human 
tissue. 
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(57) Abstract: A method and apparatus for the differentiation of Crohn's disease from other gastrointestinal illnesses, such as ulcer- 
ative colitis and irritable bowel syndrome, using the presence of fecal anti-Saccharomyces cerevisiae antibodies (ASCA) as a marker 
for Crohn's disease are provided. The apparatus includes an enzyme-linked immunoassay or other immunoassay that utilizes anti- 
bodies specific to human immunoglobins for the measurement of total endogenous ASCA in a human fecal sample. The method and 
apparatus may be used by healthcare providers to distinguish Crohn's disease from other gastrointestinal illnesses, such as ulcerative 
colitis and irritable bowel syndrome. 
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METHOD AND APPARATUS FOR DISTINGUISHING CROHN'S 
DISEASE FROM ULCERATIVE COLITIS AND OTHER 
GASTROINTESTINAL DISEASES BY DETECTING THE PRESENCE 
OF FECAL ANTIBODIES TO SACCHAROMYCES CEREVISIAE 

5 FIELD OF THE INVENTION 

A method and apparatus for the differentiation of Crohn* s disease 
from other gastrointestinal illnesses, such as ulcerative colitis and irritable bowel 
syndrome, using the presence of fecal anti-Saccharomyces cerevisiae antibodies 
(ASCA) as a marker for Crohn's disease are provided. The apparatus includes an 

10 enzyme-linked immunoassay or other immunoassay that utilizes antibodies 
specific to human immunoglobulins for the measurement of total endogenous 
ASCA in a human fecal sample. The method and apparatus may be used by 
healthcare providers to distinguish Crohn's disease from other gastrointestinal 
illnesses, such as ulcerative colitis and irritable bowel syndrome. 

1 5 BACKGROUND OF THE INVENTION 

It is estimated that at least one million Americans suffer from 
Inflammatory Bowel Disease (IBD). IBD is characterized by a chronic 
inflammatory response that results in histologic damage to the intestinal lining. 
IBD comprises two known clinical subtypes, Crohn's Disease (CD) and 

20 ulcerative colitis (UC). CD may involve the entire gastrointestinal tract and 
include inflammation extending into the transmural mucosa whereas UC affects 
solely the large bowel and includes inflammation of the innermost lining. Due to 
the differences between them, these two distinct diseases require a rapid 
differential diagnosis for optimal treatment Conventional methods for 

25 differentiating between these clinical subtypes of IBD utilize multiple endoscopy 
examinations and histological analysis. These methods, however, do not permit 
quick differential diagnosis as each may require years for a diagnosis to be 
confirmed. As a result, methods are needed for the rapid differential diagnosis of 
CD and UC. 

30 Serological methods for the differential diagnosis of CD and UC 

are known in the art. For example, it is known in the art to use the presence of 
serum anti-Saccharomyces cerevisiae antibodies (ASCA) to diagnose CD. See 
Main et al., Antibody to Saccharomyces cerevisiae (baker's yeast) in Crohn's 



WO 03/036262 



PCT/US02/34353 



disease, BMJ Vol. 297 (October 29, 1988); Broker et ah, A Murine Monoclonal 
Antibody Directed Against a Yeast Cell Wall Glycoprotein Antigen of the Yeast 
Genus Saccharomyces, FEMS Microbiology Letters 118 (1994), 297-304. It is 
further known in the art to use the presence of serum ASCA to diagnose clinical 
5 subtypes of UC and CD in patients presenting with established diagnoses. For 
example, U.S. Patent No. 5,968,741 discloses utilizing the presence of serum 
ASCA to diagnose a medically resistant clinical subtype of UC in patients 
presenting with an established diagnosis of UC. Similarly, U.S. Patent No. 
5,932,429 discloses utilizing the presence of serum ASCA to diagnose a clinical 

1 0 subtype of CD in patients presenting with an established diagnosis of CD. 

Each of the above-mentioned serological methods utilizing ASCA 
as a marker has a number of drawbacks. For instance, each method requires an 
invasive procedure such as a finger prick or the like to obtain a serum sample. 
Further, each method utilizes only serum antibodies that are not required to cross 

15 the intestinal wall and the serum antibodies may not be accurate indicator for the 
proper diagnosis. 

SUMMARY OF THE INVENTION 

A method for testing a fecal sample, the method comprising: 
obtaining a fecal sample from a person; and determining the amount of anti- 

20 Saccharomyces cerevisiae antibodies in the sample. 

A method for testing a fecal sample, the method comprising: 
obtaining a fecal sample from a person; and determining the presence of anti- 
Saccharomyces cerevisiae antibodies in the sample, wherein the presence of fecal 
anti-Saccharomyces cerevisiae antibodies is used to aid in the differentiation of 

25 Crohn's disease from other gastrointestinal illnesses such as, ulcerative colitis 
and irritable bowel syndrome (IBS). 

An assay for determining the concentration of endogenous anti- 
Saccharomyces cerevisiae antibodies , the assay comprising: obtaining a human 
fecal sample; diluting the fecal sample; contacting the sample with extract of 

30 Saccharomyces cerevisiae to create a treated sample; contacting the treated 
sample with enzyme-linked polyclonal antibodies to create a readable sample; 
determining the optical density of the readable sample at 450 nm; generating a 
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purified anti-Saccharomyces cerevisiae antibodies standard curve; and 
comparing the optical density of the readable sample to the standard curve to 
determine the concentration of endogenous anti-Saccharomyces cerevisiae 
antibodies in the fecal sample. 
5 A diagnostic assay for diagnosing Crohn's disease by determining 

the level of endogenous anti-Saccharomyces cerevisiae antibodies , the assay 
comprising: obtaining a human fecal sample; diluting the sample; contacting the 
sample extract Saccharomyces cerevisiae to create a treated sample; contacting 
the treated sample with enzyme-linked polyclonal antibodies to create a readable 
10 sample; adding an enzyme substrate for color development and determining the 
optical density of the readable sample at 450 nm to determine whether the 
readable sample contains an elevated level of endogenous anti-Saccharomyces 
cerevisiae antibodies as compared to a reference value for healthy control 
subjects. 

15 A kit for diagnosing Crohn's disease by testing a fecal sample 

from a person to be diagnosed, the kit comprising: one or more microassay plates, 
each the plate containing extract Saccharomyces cerevisiae; enzyme-linked 
polyclonal antibody to human anti-Saccharomyces cerevisiae antibodies ; and 
enzyme substrate for color development. 

20 Additional aspects of invention, together with the advantages and 

novel features appurtenant thereto, will be set forth in part in the description 
which follows, and in part will become apparent to those skilled in the art upon 
examination of the following, or may be learned from the practice of the 
invention. The objects and advantages of the invention may be realized and 

25 attained by means, instrumentalities and combinations particularly pointed out in 
the appended claims. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Figure 1 is a graphical representation of a standard curve of 
purified anti-Saccharomyces cerevisiae antibodies. 
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DETAILED DESCRIPTION OF THE INVENTION 

A method and apparatus for the differentiation of Crohn's disease 
from other gastrointestinal illnesses, such as ulcerative colitis and irritable bowel 
syndrome, using the presence of fecal anti-Saccharomyces cerevisiae antibodies 
5 (ASCA) as a marker for Crohn's disease are provided. The apparatus includes an 
enzyme-linked immunoassay or other immunoassay that utilizes antibodies 
specific to human immunoglobulins for the measurement of total endogenous 
ASCA in a human fecal sample. The method and apparatus may be used by 
healthcare providers to distinguish Crohn's disease from other gastrointestinal 

10 illnesses, such as ulcerative colitis and irritable bowel syndrome. The particular 
embodiments described herein are intended in all respects to be illustrative rather 
than restrictive. Alternative embodiments will become apparent to those skilled 
in the art to which the present embodiment of the invention pertains without 
departing from its scope. 

15 The present embodiment of the invention provides immunoassays, 

including, but not limited to, enzyme-linked immunoassays (ELISAs), that utilize 
antibodies specific to human ASCA for the measurement of total endogenous 
ASCA in fecal samples, including feces and mucosal secretions. The assay of the 
present invention may include, but is not limited to, the following steps: 1) 

20 obtaining a fecal sample from a person to be diagnosed, 2) diluting the sample, 3) 
contacting the sample with extract of Saccharomyces cerevisiae to create a 
treated sample, and 4) contacting the treated sample with enzyme-linked 
polyclonal antibodies to create a readable sample. Further, the optical density of 
the readable sample at 450 nm may be determined. The optical density of the 

25 readable sample then may be compared to a standard curve generated using 
purified anti-Saccharomyces cerevisiae standard curve to determine the 
concentration of the endogenous anti-Saccharomyces cerevisiae antibodies in the 
fecal sample. The present embodiment of the invention further provides a kit 
usable in such immunoassays to aid physicians and other clinical personnel in 

30 diagnosing Crohn's disease. 

It will be understood and appreciated by those of skill in the art 
that a immunoassay such as a lateral flow dipstick that utilizes both monoclonal 
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and polyclonal antibodies to total endogenous ASCA also may be used to 
diagnose Crohn's disease. Such is contemplated to be within the scope hereof. 

A limited number of cases of ulcerative colitis and IBS may test 
positive for ASCA. Therefore, it is possible that a diagnosis of Crohn's disease 
5 cannot be established solely on the basis of a positive result with the assay of the 
present embodiment of the invention. However, a positive result with the assay 
of the present embodiment of the invention will permit the substantial preclusion 
of a diagnosis of a other gastrointestinal illness, such as IBS or ulcerative colitis. 

The immunoassay of the embodiment of the present embodiment 
10 of the invention may be used as an in vitro diagnostic aid for detecting elevated 
levels of ASCA as a detection marker for Crohn's disease. The immunoassay of 
the present embodiment of the invention provides a test that is easy to use, simple 
to read, and accurate for distinguishing Crohn's disease from IBS or ulcerative 
colitis. 

15 The following examples are intended in all respects to be 

illustrative rather than restrictive. 

Example 1 

In this example using an EUSA method, a fecal sample was 
obtained and serially diluted 20 fold. 100 \i\ of the diluted sample was added to a 

20 test well of a microassay plate coated with extract of Saccharomyces cerevisiae 
and purified mannan. The sample then was incubated at 37°C to allow 
antibodies to Saccharomyces cerevisiae to bind to the extract of Saccharomyces 
cerevisiae. Following incubation, anti-human Ig polyclonal antibodies coupled to 
horseradish peroxidase enzyme (conjugate) were added to the test well and 

25 allowed to bind to captured ASCA. Unbound conjugate then was washed from 
the well and one component substrate (tetra-methyl-benzidene and hydrogen 
peroxide) was added for color development. Following the substrate incubation, 
0.1M sulfuric acid was added to quench the reaction and the optical density (OD) 
was obtained spectrophotometrically at 450 nm using a single wavelength 

30 spectrophotometer. 

The method described above was used in a clinical study to test a 
total of 86 IBD patients (55.8% males and 44.2% females). The approximate I to 
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1 ratio of males to females was similar to the ratio observed in IBD patient 
populations. The IBS patient group ranged in age from 19 to 78 years and was 
9% male and 91% female. This ratio of males to females (1:10) reflects the 
increased incidence for IBS in females as seen in patient populations. The 
5 healthy control (HC) patient group ranged in age from 20 to 79 years old and was 
33.3% male and 66.6% female. A summary of the patient population in the 
clinical study is shown in Table 1. 

TABLE 1 Summary of patient population. 











Total number of IBD patients 


86 


No. Males 


48 


No. Females 


38 


Total number of patients with Crohn's Disease 


49 


No. Males 


26 


No. Females 


23 


Total number of patients with ulcerative colitis 


37 


No. Males 


22 


No. Females 


15 


Total number of patients with irritable bowel syndrome 


22 


No. Males 


2 


No. Females 


20 


Total number of healthy controls 


I 12 


No. Males 


4 


No. Females 


8 



In the clinical study, there were 37 ulcerative colitis patients, 49 
Crohn's disease patients, 22 irritable bowel patients, and 12 healthy controls. 
Fecal samples were collected from each enrolled subject and stored at -70°C until 
15 tested. The optical densities for each sample were determined using the method 
described above. Results were reported as positive for fecal ASCA if an optical 
density of greater than or equal lo 0.200 was observed. Results were reported as 
negative for fecal ASCA if an optical density of less than or equal to 0.199 was 
observed. Other clinical data, such as stool consistency, was also determined. 
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Table 2, below, contains the clinical data and test results for healthy patients that 
participated in this clinical study. Table 3, below, contains the clinical data and 
test results for patients with ulcerative colitis patients that participated in this 
clinical study. Table 4, below, contains the clinical data and test results for 
5 patients with Crohn's disease that participated in this study. Table 5, below, 
contains the clinical data and test results for patients with irritable bowel 
syndrome that participated in this study. 

TABLE 2 Clinical data and test results for healthy controls 

10 
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NO 


Solid 
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NEGATIVE 
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F 


40-49 


NO 


Solid 


0.089 
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HC3 


M 


70-79 


NO 


Solid 


0.095 


NEGATIVE 


HC4 


F 


60-69 


NO 


Solid 


0.085 


NEGATIVE 


HC5 


M 


70-79 


NO 


Solid 


0.083 


NEGATIVE 


HC6 


F 


70-79 


NO 


Solid 


0.076 


NEGATIVE 


HC7 


F 


50-59 


NO 


Solid 


0.124 


NEGATIVE 


HC8 


F 


40-49 


NO 


Solid 


0.095 


NEGATIVE 


HC9 


F 


50-49 


NO 


Solid 


0.111 


NEGATIVE 


HC10 


F 


40-49 


NO 


Solid 


0.111 


NEGATIVE 


HC1I 


M 


50-60 


NO 


Solid 


0.070 


NEGATIVE 


HC12 


M 


50-60 


NO 


Solid 


0.054 


NEGATIVE 



TABLE 3 Clinical data and test results for ulcerative colitis patients 
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Semi-Solid 
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M 


61 
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Semi-Solid 
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0.115 
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UC7 
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68 


UC 
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0.091 
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UC8 
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45 


UC 
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UC9 


F 


21 
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Semi-Solid 
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0.082 


NEGATIVE 


UC10 


F 


27 


UC 
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0.161 
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UCll 


F 


24 


UC 


Solid 


INACTIVE 
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UC12 
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74 


UC 


Semi-Solid 


INACTIVE 


0.091 


NEGATIVE 


UC13 
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69 


UC 


Semi-Solid 
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0.070 
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UC14 


M 


19 


UC 


Solid 


INACTIVE 
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UC15 


M 


62 
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Solid 
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Solid 
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0.110 
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UC24 


M 


48 


UC 


Semi-Solid 
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0.096 
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UC25 


F 


37 


UC 


Liquid 


ACTIVE 


0.282 
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UC26 
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32 


UC 


Solid 


ACTIVE 


0.107 


NEGATIVE 


UC27 


F 


46 


UC 


Liquid 


ACTIVE 


0.199 
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UC28 


M 


49 


UC 


Semi-Solid 


INACTIVE 


0.161 


NEGATIVE 
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UC 
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UC35 


M 


58 


UC 


Semi-Solid 
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0.121 
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UC36 


F 


32 


UC 


Semi-Solid 


ACTIVE 


0.083 


NEGATIVE 


TABLE 4 Clinical Data and test results for Crohn's disease patients. 
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TABLE 5 Clinical data and test results for irritable bowel syndrome 
patients 
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F 


50 


IBS 
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F 
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5 There were a total of 49 patients with Crohn's disease and 37 with 

ulcerative colitis. In the Crohn's disease group, a total of 55.1% patients were 
positive for fecal ASCA. In the ulcerative colitis group, 13.5% were positive. Of 
the 22 IBS patients, a single patient (4.6%) was positive for fecal ASCA. All 12 
healthy controls were negative. A summary of positive results for fecal ASCA is 

10 shown in Table 6 . 
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TABLE 6 Summary of positive results for Crohn's disease, ulcerative colitis, 
active IBS, and healthy controls 



L - 


~- . • 






Total IBD (Crohn's 
disease and ulcerative 
colitis) 


86 


37.2% (32) 


62.8% (54) 


Total Crohn's Disease 


49 


55.1% (27) 


44.9% (22) 


Total Ulcerative Colitis 


37 


13.5% (5) 


86.5% (32) 


Total Active LBS 


22 


4.6% (1) 


96.4% (21) 


Total Healthy Controls 


12 


0 


100.0% (12) 



5 When distinguishing Crohn's disease from ulcerative colitis, fecal 

ASCA exhibited a sensitivity of 55.1% and specificity of 86.5%. The predictive 
positive and negative values were 84.4% and 59.3%, respectively, and the 
correlation was 68.6% as shown in Table 7. 



10 TABLE 7 Statistical evaluation using the presence of fecal ASCA to 
distinguish Crohn's disease from ulcerative colitis 









Fecal ASCA positive 


27 


5 


Fecal ASCA negative 


22 


32 



Sensitivity 


55.1% 


Specificity 


86.5% 


Predictive Positive Value 


84.4% 


Predictive Negative Value 


59.3% 


Correlation 


68.6% 
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When distinguishing Crohn's disease from ulcerative colitis, 
irritable bowel syndrome and healthy controls, fecal ASCA exhibited a sensitivity 
of 55% and a specificity of 91.6%. The predictive positive and negative values 
were 82% and 75%, respectively, and the correlation was 77% as shown below in 
5 Table 8. 



TABLE 8 Statistical evaluation using fecal ASCA to distinguish Crohn's 
disease from ulcerative colitis, irritable bowel syndrome/healthy controls 





IP* 




ma 






Fecal ASCA positive 


27 


6 


Fecal ASCA negative 


22 


65 



10 



Sensitivity 


55.1% 


Specificity 


91.6% 


Predictive Positive Value 


81.8% 


Predictive Negative Value 


74.7% 


Correlation 


76.7% 



The mean optical densities for each group were obtained and 
differences were tested for statistical significance using a two- tailed t-test giving 
a p-value result. Of the 33 patients that tested positive for fecal ASCA, there 

15 were 27 CD, 5 UC, and 1 IBS. Sensitivity, specificity and overall correlation 
were 55.1%, 91.5% and 76.7%, respectively. ASCA-positive CD showed a 
higher mean±SD A450 of 1.183±0.794 as compared to 0.382±0.113 for UC and 
the single A450 of 0.0.091 ±0.0.038 for IBS. There was a significant difference 
between CD and all other subject groups. A summary of the statistical analysis is 

20 listed in Table 9. 

TABLE 9 Summary of the Mean and P values of Optical Densities for Fecal 
ASCA 





t^tJflanD 1 




■ *"T/';^:-:z . 


CD 


1.183 


0.794 


0.341-3.000 


CD vs UCJBS,HC 
P< 0.005 


UC 


0.382 


0.113 


0.382-0.113 


CD vs UC 
P<0.05 
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IBS 


0.091 


0.038 


0.052-0.238 


CD vs IBS 
P< 0.005 


HC 


0.091 


0.019 


0.054-0.124 


CD vs HC 
P< 0.005 



Example 2 

In this example, the sensitivity of the fecal ASCA test was 
5 determined using serial two fold dilutions of highly purified ASCA antibodies. 
For the analysis, standard curves were generated using the kit dilutent. The test 
was consistently positive at a concentration of 0.62 ug/mL as determined by a 
cutoff absorbency value of > 0.200. Individual results are shown below in Table 
10. The standard curves are shown in FIG. 1 . 

10 

TABLE 10 Standard curves generated using purified ASCA antibodies 



mm 






'1 


L _j 


5.00 


1.702 


1.856 


1.779 


0.108 


2.50 


1.117 


1.099 


1.108 


0.012 


1.25 


0.634 


0.624 


0.629 


0.007 


0.62 


0303 


0.329 


0316 


0.018 


0.31 


0.191 


0.164 


0.177 


0.019 


0.16 


0.115 


0.113 


0.114 


0.001 


0.08 


0.090 


0.077 


0.083 


0.009 


0.04 


0.063 


0.065 


0.064 


0.001 



Example 3 

15 In this example, tests were conducted to determine what type of 

immunoglobulins (antibodies) were present in a fecal sample and in serum. The 
immunglobulin typing was done for human IgA, human IgAsec, human IgD, 
human IgM, and human IgG. The immunoglobulin typing was done on a fecal 
sample from 6 Crohn's disease patients and 2 ulcerative colitis and on a serum 

20 control sample using pre-absorbed Ig-type specific conjugates. The serum 
control sample was obtained from a patient with a confirmed allergy to 
Saccharomyces cerevisiae. 
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Of the Crohn's disease patients, 5 patients exhibited a response to 
IgA and IgAsec, 4 patients exhibited a response to IgM and a single patient 
exhibited a response to lgG. Of the 2 ulcerative colitis patients, a single patient 
reacted with the Ig conjugate. The serum control only exhibited a response to 
5 individual immunoglobulins IgM and IgG. A response to IgA and IgAsec 
occurred the fecal samples but not in the control serum sample. A summary of 
results are shown in Table 1 1 . 

TABLE 11 A Summary of Immunoglobulin Typing of ASCA in a Human 
10 Fecal sample and a Serum Control 
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In summary, the present embodiment of the invention provides a 
method and apparatus for the differentiation of Crohn* s disease from other 
gastrointestinal illnesses, such as ulcerative colitis and irritable bowel syndrome, 
using the presence of fecal anu-Saccharomyces cerevisiae antibodies (ASCA) as 
5 a marker for Crohn's disease. The apparatus includes an enzyme-linked 
immunoassay or other immunoassay that utilizes antibodies specific to human 
immunoglobins for the measurement of total endogenous ASCA in a human fecal 
sample. The method and apparatus may be used by healthcare providers to 
distinguish Crohn's disease from other gastrointestinal illnesses, such as 

10 ulcerative colitis and irritable bowel syndrome. The present embodiment of the 
invention has been described in relation to particular embodiments which are 
intended in all respects to be illustrative rather than restrictive. Alternative 
embodiments will become apparent to those skilled in the art to which the present 
embodiment of the invention pertains without departing from its scope. 

15 From the foregoing, it will be seen that this embodiment of the 

invention is one well adapted to attain all the ends and objects hereinabove set 
forth together with other advantages which are obvious and which are inherent to 
the method. 

It will be understood that certain features and subcombinations are 
20 of utility and may be employed without reference to other features and 
subcombinations. This is contemplated by and is within the scope of the claims. 
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CLAIMS 

Having thus described the invention, what is claimed is: 

1. A method for testing a fecal sample, the method comprising: 
obtaining a fecal sample from a person; and determining the amount of anti- 

5 Saccharomyces cerevisiae antibodies in the sample. 

2. The method of claim 1, further comprising: determining 
whether the sample contains an elevated level of endogenous anti-Saccharomyces 
cerevisiae antibodies. 

3. The method of claim 2, wherein if the sample does contain an 
10 elevated level of anti-Saccharomyces cerevisiae antibodies, a diagnosis of 

Crohn's disease may be substantially concluded. 

4. The method of claim 1, wherein the amount of fecal anti- 
Saccharomyces cerevisiae antibodies is used to aid in the differentiation of 
Crohn's disease from ulcerative colitis. 

15 5. The method of claim 1, wherein the amount of fecal anti- 

Saccharomyces cerevisiae antibodies is used to aid in the differentiation of 
Crohn's disease from other gastrointestinal illnesses. 

6. The method of claim 5, wherein the other gastrointestinal 
illness is irritable bowel syndrome. 
20 7. The method as recited in claim 1, wherein the endogenous 

anti-Saccharomyces cerevisiae antibodies comprise the total anti-Saccharomyces 
cerevisiae antibodies. 

8. The method as recited in claim I, wherein the endogenous 
antibodies are secretory IgA. 
25 9. The method as recited in claim I , further comprising diluting 

the fecal sample. 

10. The method as recited in claim 9, wherein the step of diluting 
the fecal sample comprises diluting the sample to a 1 .20 dilution factor. 
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1 1 . The method as recited in claim 9, wherein determining the 
amount of anti-Saccharomyces cerevisiae antibodies in the sample further 
includes contacting the sample with extract of Saccharomyces cerevisiae and to 
create a treated sample. 
5 12. The method as recited in claim 11, wherein the step of 

determining the amount of endogenous anti-Saccharomyces cerevisiae antibodies 
further includes contacting the treated sample with enzyme-linked polyclonal 
antibodies to create a readable sample. 

13. The method as recited in claim 12, wherein the step of 
10 determining the amount of anti-Saccharomyces cerevisiae antibodies further 

includes determining an optical density of the readable sample at 450 nm, 
wherein the optical density corresponds to a level of endogenous anti- 
Saccharomyces cerevisiae antibodies in the sample. 

14. The method as recited in claim 13, wherein if the optical 
15 density of the readable sample is greater than or equal to 0.200, the fecal sample 

contains an elevated level of endogenous anti-Saccharomyces cerevisiae 
antibodies. 

15. The method of claim 1, wherein the fecal sample includes 
human feces and mucosal secretions. 

20 16. An assay for determining the concentration of endogenous 

anti-Saccharomyces cerevisiae antibodies , the assay comprising: obtaining a 
human fecal sample; diluting the fecal sample; contacting the sample with extract 
of Saccharomyces cerevisiae to create a treated sample; contacting the treated 
sample with enzyme-linked polyclonal antibodies to create a readable sample; 

25 determining the optical density of the readable sample at 450 nm; generating a 
purified anti-Saccharomyces cerevisiae antibodies standard curve; and 
comparing the optical density of the readable sample to the standard curve to 
determine the concentration of endogenous anti-Saccharomyces cerevisiae 
antibodies in the fecal sample. 
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17. A diagnostic assay for diagnosing Crohn's disease by 
determining the level of endogenous anti-Saccharomyces cerevisiae antibodies , 
the assay comprising: obtaining a human fecal sample; diluting the sample; 
contacting the sample extract Saccharomyces cerevisiae to create a treated 

5 sample; contacting the treated sample with enzyme-linked polyclonal antibodies 
to create a readable sample; adding an enzyme substrate for color development; 
and determining the optical density of the readable sample at 450 nm to 
determine whether the readable sample contains an elevated level of endogenous 
anti-Saccharomyces cerevisiae antibodies as compared to a reference value for 
10 healthy control subjects. 

18. The diagnostic assay as recited in claim 17, wherein if the 
readable sample contains an elevated level of endogenous anti-Saccharomyces 
cerevisiae antibodies, a diagnosis of Crohn's disease is substantially concluded. 

19. The diagnostic assay as recited in claim 18, wherein if the 
15 optical density of the readable sample is greater than or equal to 0.200, the fecal 

sample contains endogenous anti-Saccharomyces cerevisiae antibodies. 

20. The diagnostic assay as recited in claim 17, wherein the assay 
comprises an enzyme-linked immunoassay. 

21. A kit for diagnosing Crohn's disease by testing a fecal sample 
20 from a person to be diagnosed, the kit comprising: one or more microassay 

plates, each the plate containing extract Saccharomyces cerevisiae; enzyme- 
linked polyclonal antibody to human zn\\-Saccharomyces cerevisiae antibodies ; 
and enzyme substrate for color development 

22. The kit as recited in claim 21, further comprising purified 
25 human anti-Saccharomyces cerevisiae antibodies as a positive control. 

23. The kit as recited in claim 21, further comprising a stop 
solution for quenching the reaction. 

24. The kit as recited in claim 22, further comprising a stop 
solution for quenching the reaction. 



30 
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INFLAMMATORY BOWEL DISEASE AND IRRITABLE BOWEL 
SYNDROME IBD-FIRST CHEK DIAGNOSTIC PANEL 

TECHNICAL FIELD 

A method for the differentiation of inflammatory bowel disease 
5 (IBD) from irritable bowel disease (IBS) followed by distinguishing ulcerative 
colitis from Crohn's disease and other gastrointestinal illnesses. This highly 
differential method first uses the presence of elevated fecal lactoferrin as a 
marker of intestinal inflammation to differentiate IBD from IBS. Patients 
suspected of IBD are then analyzed for mti-Saccharomyces cerevisiae antibodies 
10 (ASCA) as an indicator of Crohn's disease and fecal anti-neutrophil cytoplasmic 
antibodies (ANCA) as an indicator of ulcerative colitis. IBD patients are further 
monitored for intestinal inflammation using lactoferrin to evaluate the 
effectiveness of medical therapy and predict relapse. The apparatus comprises 
either a qualitative enzyme-linked immunoassay or other immunoassay that 
15 utilizes antibodies for the measurement of total endogenous lactoferrin, ASCA 
and ANCA in human feces. The method and apparatus can be used by healthcare 
providers to identify IBD and distinguish ulcerative colitis from Crohn's disease. 

BACKGROUND OF THE INVENTION 

An estimated 1 million Americans suffer from chronic 
20 inflammatory bowel disease (IBD) and 20 million Americans suffer from irritable 
bowel syndrome (IBS). IBD, comprised of both Crohn's Disease (CD) and 
ulcerative colitis (UC), is characterized by a chronic inflammatory response that 
results in histologic damage to the intestinal lining. Both CD and UC exhibit 
large numbers of leukocytes that migrate to the mucosa and into the intestinal 
25 lumen. Both diseases oscillate between active (i.e., presence of intestinal 
inflammation) and inactive (i.e., minimal to no intestinal inflammation) stages of 
disease activity. Active IBD can include symptoms such as bloody diarrhea, 
abdominal pain, and fever. The inactive stage has minimal to no intestinal 
inflammation and lacks severe gastrointestinal illness. 
30 Patients who have active IBD but who exhibit mild signs and 

symptoms may be difficult to distinguish from patients with active IBS, an 
intestinal disorder of motility and the intestinal nervous system. Unlike IBD, IBS 
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does not involve intestinal inflammation. In persons with IBS, the intestine 
appears normal upon endoscopic examination and leukocytes are not present in 
the mucosa or in fecal specimens. Symptoms can mimic those of IBD and 
include bloating, diarrhea, constipation, and severe and often debilitating 
5 abdominal pain. It is estimated that at least 20 million Americans suffer from 
IBS. 

The similarity in symptoms between IBS and IBD renders rapid 
diagnosis difficult. However, given the potential severity of untreated IBD, 
differential diagnosis is crucial. The diagnosis of gastrointestinal illnesses, in 

10 general, is aided by diagnostic tests such as enzyme-linked immunosorbant 
assays (ELISAs), latex agglutination and lateral flow immunoassay. These tests 
are rapid and inexpensive methods for detecting markers in feces for enteric 
pathogens and inflammation. One marker of particular interest that has been 
found to be most specific for leukocytes in fecal specimens is lactoferrin. Human 

15 lactoferrin is an 80 kilodalton glycoprotein. This iron-binding protein is secreted 
by most mucosal membranes. It is a major component of the secondary granules 
found in polymorphonuclear neutrophils (PMNs), a primary component of the 
acute inflammatory response. Other hematopoietic cells such as monocytes and 
lymphocytes, do not contain lactoferrin, whereas various bodily secretions 

20 contain levels in the mg/mL range. During the process of inflammation, PMNs 
infiltrate the mucosa lining of the small and large intestine. This increase in the 
number of activated tissue leukocytes and exudation of plasma from ulcerated 
mucosa results in an increase in the level of lactoferrin found in feces. The 
protein is resistant to proteolysis and, as such, it provides a useful non-invasive 

25 fecal marker of intestinal inflammation. 

Human lactoferrin has been used as a marker for fecal leukocytes 
in a number of applications. For instance, fecal lactoferrin has been used as a 
marker for leukocytes to distinguish no ninfl ammatory diarrhea from 
inflammatory diarrhea, as disclosed in U.S. Patent No. 5,124,252. 

30 Noninflammatory diarrhea caused by agents such as rotavirus, Norwalk-like 
agents and cholera, typically causes minimal to no intestinal damage and patients 
respond readily to oral rehydration. Inflammatory diarrheas include those caused 
by enteric pathogens such as Clostridium difficile, Shigella species, Salmonella 
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species, Campylobacter jejuni and Entamoeba histolytica and those that have no 
clearly defined infectious agent such as CD and UC. U.S. Patent No. 5,124,252 
discloses an in vitro test for fecal leukocytes that aids in distinguishing 
inflammatory from noninflammatory diarrhea. The '252 patent discloses testing 
5 fecal samples suspected of containing leukocytes with an assay that utilizes an 
antibody for lactoferrin to determine the presence of leukocytes in the fecal 
sample. 

Human lactoferrin also has been used as a marker for diagnosis of 
inflammatory gastrointestinal disorders, colon polyp and colorectal cancer as 

10 disclosed in U.S. Patent No. 5,552,292. However, neither the method of the '252 
patent nor that of the '292 patent disclose utility in distinguishing IBS from IBD. 
The samples tested by the assay of the '252 patent are samples suspected of 
containing leukocytes. This suspicion is owed to the patient presenting with 
diarrhea. However, 25-50% of persons having IBD do not present with diarrhea 

15 and, thus, the '252 patent does not relate to diagnosing etiology in such patients. 
As for the '292 patent, the disclosed method utilizes a 1:100 sample dilution 
which does not allow for accurate quantitation of lactoferrin levels. Further, the 
'292 patent discloses using partial forms of molecules for testing and not total 
endogenous lactoferrin, again affecting the accuracy of the quantitation. The 

20 method of the '292 patent also does not relate to utilizing lactoferrin levels to 
distinguish IBD from IBS. The population tested in the '292 patent, while 
including persons with UC and CD, did not include persons having IBS. 

IBD is comprised of both Crohn's disease and ulcerative colitis. 
These two distinct diseases require a rapid differential diagnosis for optimal 

25 treatment. Crohn's disease may involve the entire gastrointestinal tract and 
include inflammation extending into the transmural mucosa, whereas ulcerative 
colitis affects solely the large bowel and includes inflammation of the innermost 
lining. Conventional methods to differentiate between Crohn's disease and 
ulcerative colitis utilizing multiple endoscopy examinations and histological 

30 analysis may take years to confirm a diagnosis. 

U.S. Patent No. 6,218,120 discloses a method of determining the 
presence of serum ANCA as a marker to diagnose IBD. However, it does not 
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disclose a method for diagnosing ulcerative colitis in a patient diagnosed with 
IBD. 

Serological methods for the differential diagnosis of CD and UC 
also are known in the art. For example, it is known to use the presence of serum 
5 Mti-Saccharomyces cerevisiae antibodies (ASCA) to diagnose CD. See Main et 
al., Antibody to Saccharomyces cervisiae (baker's yeast) in Crohn's disease, 
BMJ Vol. 297 (October 29, 1988); Broker et al., A Murine Monoclonal Antibody 
Directed Against a Yeast Cell Wall Glycoprotein Antigen of the Yeast Genus 
Saccharomyces, FEMS Microbiology Letters 118 (1994), 297-304. It is further 

10 known in the art to use the presence of serum ASCA to diagnose clinical 
subtypes of UC and CD in patients presenting with established diagnoses. For 
example, U.S. Patent No. 5,968,741 discloses utilizing the presence of serum 
ASCA to diagnose a medically resistant clinical subtype of UC in patients 
presenting with an established diagnosis of UC. Similarly, U.S. Patent No. 

15 5,932,429 discloses utilizing the presence of serum ASCA to diagnose a clinical 
subtype of CD in patients presenting with an established diagnosis of CD. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

FIG. 1 is a graphical representation of a standard curve of purified 
mti-Saccharomyces cerevisiae antibodies in accordance with an embodiment of 
20 the present invention; and 

FIG. 2 is graphical representation of a standard curve of anti- 
neutrophil cytoplasmic antidodies in accordance with an embodiment of the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

25 The present invention relates a lactoferrin immunoassay used to 

determine the presence of elevated lactoferrin as an indicator of intestinal 
inflammation thus aiding in the differentiation of IBD from IBS, and ANCA and 
ASCA immunoassays to differentiate between ulcerative colitis and Crohn's 
disease. The test results may be used to determine appropriate treatment for 

30 ulcerative colitis and Crohn's disease patients. Qualitative immunoassays such as 
enzyme-linked immunoassays and lateral flow dipsticks that utilize monoclonal 
and polyclonal antibodies to human ANCA and ASCA may be used distinguish 
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between ulcerative colitis and Crohn's disease. Bodily secretions, as used herein 
may include, but are not limited to, feces and mucosal secretions, whole blood, 
serum, plasma, saliva or other bodily fluid or tissue. 

In the qualitative assay, the bodily secretions are diluted and added 
to a well containing the immobilized antibodies to lactoferrin or antigens of 
Saccharomyces cerevisiae or neutrophil cytoplasmic antigens. If endogenous 
lactoferrin or ASCA or ANCA is present, it will bind to the well containing 
immobilized antibodies or antigens during an incubation step. Following the 
incubation, antibodies to human lactoferrin or polyvalent antibodies to human 
immunoglobulin coupled to horseradish peroxidase enzyme (conjugate) is added 
and allowed to bind to captured lactoferrin or ANCA or ASCA. Unbound 
conjugate is washed from the well and one component substrate (tetra-methyl- 
benzidene and hydrogen peroxide) is added for color development. Following 
the substrate incubation, the reaction is stopped by acidification and the optical 
density (OD) is determined spectrophotometrically at 450 nm. 

The particular embodiments described herein are intended in all 
respects to be illustrative rather than restrictive. Alternative embodiments will 
become apparent to those skilled in the art to which the present invention pertains 
without departing from its scope. 

Example 1 
Lactofenin Qualitative Assay 

a. Establishment of Optimal Sample Dilution Factor and Optical 
Density 

The assay of the present invention was designed and developed to 
detect levels of fecal lactoferrin at a lower level detectable by predicate devices, 
specifically the LEUKO-TEST®. The lower limit of detection of the LEUKO- 
TEST® is 256 ng/mL with purified human lactoferrin. In the LEUKO-TEST®, a 
specimen dilution of 1:50 and a minimum limit of detection of 256 ng/mL 
provides a lower limit of detection in fecal specimens of approximately 12 
jxg/mL. A specimen dilution of 1:400 and a minimum detection limit for the 
assay of the present invention of 32 ng/mL also provides a lower limit of 
detection in fecal specimens of approximately 12 ng/mL. Accordingly, a 1:400 
specimen dilution was chosen for the assay of the present invention. Similarly, 
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an optical density of 0.200 OD450 for the assay was chosen. (As used herein, 
OD450 indicates an optical density obtained spectrophotometrically at 450 nm on 
a single wavelength spectrophotometer.) 

It will be understood and appreciated by those of skill in the art 
5 that the preferred dilution factor and optical densities have been determined based 
upon reagents currently available and deemed to be optimal. However, reagents 
other than those now desired may become improved and desirable over time. 
Variations in reagents may produce preferable/optimal dilution factors and/or 
optical densities other than those determined herein. Such variations are 
10 contemplated to be within the scope of the present invention. The key to 
determining optimal values is based upon sensitivity as more fully described 
below. 

To verify that the 1:400 specimen dilution provides the most 
desirable sensitivity with the current reagents, 121 fecal specimens were analyzed 

15 comparing a 1:400 dilution to a 1:800 dilution. (Sensitivity is calculated herein 
by dividing the number of samples taken from subjects with IBD which produce 
a positive result in the assay by the number of samples taken from subjects with 
IBD.) Test results additionally were evaluated comparing OD 45 o values of 0.200 
to OD450 values of 0.300. Results were compared with microscopy for fecal 

20 leukocytes and with the LEUKO-TEST®. The results are summarized in Tables 
1-8 below. 

Table 1: Comparison of the ELIS A with microscopy for fecal leukocytes 
using a 1:400 dilution and an OD 4S o of 0.200 







ELIS A positive 


32 


42 


EOS A negative 


2 


45 



25 



Relative Sensitivity 


94.0% 


Relative Specificity 


52.0% 


Correlation 


64.0% 
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Table 2: Comparison of the ELISA with microscopy for fecal leukocytes 
using a 1:400 dilution and an OD450 of 0.300 









EUSA positive 


31 


31 


ELISA negative 


3 


56 



Relative Sensitivity 


91.0% 


Relative Specificity 


64.0% 


Correlation 


72.0% 



5 

Table 3: Comparison of the ELISA with microscopy for fecal leukocytes 
using a 1:800 dilution and an OD450 of 0.200 







ELISA positive 


30 


31 


ELISA negative 


4 


56 



10 



Relative Sensitivity 


88.0% 


Relative Specificity 


64.0% 


Correlation 


77.0% 



Table 4: Comparison of the ELISA with microscopy for fecal leukocytes 
using a 1:800 dilution and an OD 450 of 0300 







t - • • • i 


ELISA positive 


26 


24 


ELISA negative 


8 


63 



15 



Relative Sensitivity 


77.0% 


Relative Specificity 


72.0% 


Correlation 


74.0% 
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Table 5: Comparison of the ELISA with the LEUKO-TEST® 
using a 1:400 dilution and an OD450 of 0.200 



Hip 

4 ; 


V, \? ' ' ' - \ . 






V', ' , ! /" !; 1 


ELISA positive 


43 


31 


ELISA negative 


5 


42 



Relative Sensitivity 


89.6% 


Relative Specificity 


57.5% 


Correlation 


70.2% 



5 

Table 6: Comparison of the ELISA with the LEUKO-TEST® 
using a 1:400 dilution and an OD 450 of 0.300 





ELISA positive 


41 


21 


EUSA negative 


7 


52 



Relative Sensitivity 


85.0% 


Relative Specificity 


71.2% 


Correlation 


77.0% 



10 

Table 7: Comparison of the ELISA with the LEUKO-TEST® 
using a 1:800 dilution and an OD450 of 0.200 





ELISA positive 


39 


22 


ELISA negative 


9 


51 



Relative Sensitivity 


81.3% 


Relative Specificity 


69.9% 


Correlation 


74.4% 
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Table 8: Comparison of the ELISA with the LEUKO-TEST® 

using a 1:800 dilution and an OD450 of 0.300 




ELISA positive 


34 


16 


ELISA negative 


14 


57 



Relative Sensitivity 


70.8% 


Relative Specificity 


78.1% 


Correlation 


75.2% 



In summary, a fecal specimen dilution of 1:400 and an assay 
OD450 of 0.200 showed the highest level of sensitivity with the current reagents. 
Accordingly, these conditions were determined to be optimal for the assay of the 
present invention. Normal fecal specimens contain low levels of lactoferrin and 
the 1:400 dilutions have been determined to be optimal in detecting an increase in 
lactoferrin over background levels. The use of dilutions lower than 1:400 may 
result in positive test results due to the presence of normal lactoferrin levels. 

b. Collection of Specimens and Preparation of Dilutions 

Standard collection and handling procedures typically used for 
fecal specimens for culture may be used in collecting samples for the assay of the 
present invention. In the preferred embodiment, fecal specimens are to be tested 
within twenty-four hours of collection. However, if the assay is not to be 
performed within forty-eight hours of collection, it is preferred that the specimens 
be stored at -20°C or lower. Additionally, it is preferred that collected specimens 
be transported and diluted in the Diluent as soon as possible after collection and, 
once diluted, that the specimens be stored at between about 2°C and about 8°C. 
It is preferred that the specimens be mixed (i.e., using a vortex mixer) thoroughly 
prior to performing the assay of the present invention. This includes complete 
mixing of the specimen prior to transfer to the Diluent, as more fully described 
below, as well as complete mixing of the diluted specimen prior to performing 
the assay. 
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The following method was used to prepare a diluted specimen 
from a liquid fecal specimen. Two plastic tubes were set up for each specimen to 
be tested. For each specimen, 950jjL of IX Diluent (prepared as more fully 
described below) subsequently was added to each of the two tubes. Using a 
5 transfer pipette, one drop (i.e., approximately 50 \iL) of liquid fecal specimen was 
added to one of the tubes and thoroughly mixed using a vortex mixer. 
Subsequently, one drop of the diluted specimen was transferred into the second 
tube containing 950 uL of IX Diluent (prepared as more fully described below). 
The result was a 1:400 dilution of the specimen in the second tube. Thus, only 

10 the second tube was used for the remainder of the test procedure. 

The following method was used to prepare a diluted specimen 
from a formed or solid fecal specimen. Two plastic tubes were set up for each 
specimen to be tested. For each specimen, 1.9 mL of IX Diluent (prepared as 
more fully described below) was added to only one of the two tubes. 

15 Subsequently, 0.10 g of fecal specimen were added to this tube (1:10) and 
thoroughly mixed using a vortex mixer. Next, 950 of the IX Diluent 
(prepared as more fully described below) was added to the second tube and one 
drop (i.e., approximately 50 uL) of the previously diluted specimen is transferred 
into the second tube. The result was a 1:400 dilution of the specimen in the 

20 second tube. Thus, only the second tube was used for the remainder of the test 
procedure. 

The specimen in the second tube prepared according to either of 
the above procedures was mixed in a vortex mixer for approximately ten seconds 
and subsequendy stored at between about 2°C and about 8°C until the remainder 
25 of the test procedure was performed. Prior to transferring the diluted specimen 
into a microtiter well according to the test procedure, as more fully described 
below, the specimen was thoroughly mixed in the vortex mixer once again. This 
procedure sought to ensure thorough mixing of the specimen. 

c. Necessary Test Reagents and Preparation Thereof 

30 A number of reagents were necessary to carry out the preferred 

embodiment of the qualitative assay of the present invention. These reagents 
included 10X Diluent, IX Diluent, Conjugate, Substrate, Positive Control, Wash 
Buffer Solution and Stop Solution. The 10X Diluent was a 10X concentrate of 
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buffered protein solution containing 0.2% thimerosal as a preservative. The 
Diluent was supplied as a 10X concentrate. Therefore, to prepare the IX Diluent 
necessary for the assay of the present invention, a total volume of 400 roL was 
diluted by adding 40 mL of the 10X concentrate to 360 mL of deionized water. 
5 Any unused IX Diluent was stored at between about 2°C and about 8°C. 

The Conjugate used with the assay of the present invention 
preferably comprises rabbit polyclonal antibody specific for human lactoferrin 
conjugated to horseradish peroxidase and in a buffered protein solution 
containing 0.02% thimerosal as a preservative. The Substrate used with the assay 

10 of the present invention preferably comprises a solution containing tetra-methyl- 
benzidine substrate and peroxidase. The Positive Control used with the assay of 
the present invention preferably comprises human lactoferrin in a buffered 
protein solution containing 0.02% thimerosal as a preservative. The Stop 
Solution used with the assay of the present invention preferably comprises 0.6 N 

15 sulfuric acid. 

The Wash Buffer Solution used with the assay of the present 
invention was supplied as a 20X concentrate containing phosphate buffered 
saline, detergent and 0.2% thimerosal as a preservative. To prepare the IX Wash 
Solution necessary for the assay of the present invention, a total volume of one 

20 liter of concentrate was diluted by adding 50 mL of the concentrate to 950 mL of 
deionized water. Any unused IX Wash Solution was stored at between about 
2°C and about 8°C. 

Microassay plates containing twelve strips and eight wells per 
strip are preferred for the assay of the present invention. Each specimen and each 

25 control requires a single coated well. To prepare the plates, each strip was coated 
with purified polyclonal antibody specific for lactoferrin. Microassay plates were 
stored with desiccant 

All reagents were stored at room temperature prior to use in the 
assay of the present invention. 

30 The present invention includes a kit designed and prepared for 

carrying out the quantitative assay. In the preferred embodiment, the kit contains 
40 mL 10X Diluent, 7 mL Conjugate, 14 mL Substrate, 3.5 mL Positive Control, 
50 mL Wash Buffer Solution, 7 mL Stop Solution and one microassay plate 
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stored with desiccant. The assay of the present invention utilizes antibodies to 
human lactoferrin. The microassay plate supplied with the kit contains 
immobilized polyclonal antibody against lactoferrin. The detecting antibody 
consists of polyclonal antibody conjugated to horseradish peroxidase. 

5 d. Test Procedure 

To perform the qualitative assay of the present invention, initially 
the number of wells needed was determined. Each specimen or control required 
one well and, therefore, the number of wells was determined accordingly. Next, 
one drop (i.e., about 50 uL) of Positive Control was added to a single well 

10 designated the Positive Control Well and one drop (i.e., about 50 uL) of IX 
Diluent was added to a single well designated the Negative Control Well. 
Subsequently, two drops (i.e., about 100 uL) of 1:400 diluted specimen (prepared 
according to the above procedure) was added to a third well and all wells were 
incubated at about 37°C (± 2°C) for approximately thirty minutes. After 

15 incubation, the contents of the assay wells was discarded into a discard pan. 

Next, each well was washed using IX Wash Solution (prepared as 
described above) and placed in a squirt bottle with a fine-tipped nozzle. In this 
manner, the IX Wash Solution was directed into the bottom of each of the wells 
with some force. Each well was filled with the IX Wash Solution and the 

20 contents thereof subsequently discarded into a discard pan. The microassay plate 
was then inverted and slapped on a dry paper towel. This wash procedure was 
performed a minimum of four times using a dry paper towel each time. If any 
particulate matter was observed in the wells, the washing procedure was 
continued until all the matter was removed. 

25 Subsequently, one drop (i.e., about 50jiL) of Conjugate was added 

to each well and the wells were incubated at about 37°C (±2°C) for 
approximately thirty minutes. After incubation, the contents of the assay wells 
were discarded into a discard pan and the washing procedure was repeated. Next, 
two drops (i.e., about 100 uL) of Substrate were added to each well and the wells 

30 were gently tapped to mix the contents. The wells were then incubated at room 
temperature for approximately fifteen minutes. Hie wells were gendy tapped a 
couple of times during the incubation period. 



WO 2004/037073 



PCTYUS2003/034094 



-13- 

Next, one drop (i.e., 50 nL) of Stop Solution was added to each 
well and the wells were gently tapped. The wells were allowed to sit at room 
temperature for about two minutes before reading. The addition of Stop Solution 
converted the blue color to a yellow color which could then be quantified by 

5 measuring the optical density at 450 nm on a microplate ELISA reader. The 
instrument was blanked against the negative control and the underside of each 
well was wiped before measuring the optical density. Optical densities (OD450 
and OD450/620) were recorded for the Positive Control Well, the Negative Control 
Well and each specimen tested. ( 0 OD 45Q /62o" as used herein indicates an optical 

10 density obtained spectrophotometrically at 450/620 nm on a dual wavelength 
spectrophotometer.) Readings of duplicate wells were averaged before the results 
were interpreted. 

The specified test procedure represents the preferred embodiment 
as optimal results are obtained by following the procedure specified because the 

15 reagents, concentrations, incubation conditions, and processing specifications 
have been optimized for sensitivity and specificity. Accordingly, alterations of 
the specified procedure and/or of the indicated test conditions may affect the 
sensitivity and specificity of the test. 

e. Quality Control 

20 The positive and negative control must meet certain criteria for the 

test to be valid. First of all, the Positive Control Well must be a visible yellow 
color and, when read on a spectrophotometer, it must have an OD450 and 
OD 45( y626>0.500. The Negative Control Well must have an OD 45 o<0.200 or an 
OD 45 o/620<0.160. To ensure that carryover has not occurred, testing should be 

25 repeated if a sample gives a weak positive result (i.e, <0.400) and is adjacent to a 
strong positive well. 

f. Interpretation of Results 

Optical densities were measured at 450 nm on a single wavelength 
spectrophotometer and at 450/620 nm on a dual wavelength spectrophotometer. 
30 On a single wavelength spectrophotometer, an OD450 of less than 0.200 indicated 
a negative result and an OD 4 so of greater than or equal to 0.200 indicated a 
positive result On a dual wavelength spectrophotometer, an OD 45( v62o of less 
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than 0.160 indicated a negative result and an OD45W620 of greater than or equal to 
0. 160 indicated a positive result. 

A positive test result indicated the specimen contained elevated 
levels of lactoferrin when compared with a reference value established for 
5 healthy control subjects. A negative test result indicated the specimen did not 
contain elevated levels of lactoferrin relative to samples from healthy control 
subjects. 

g. Results 

One hundred forty-nine subjects having EBD were tested 
10 according to the above procedure. Seventy-seven of the subjects, or 51.7%, were 
male and seventy-two of them, or 48.3%, were female. The tested male to female 
ratio closely approximates the 1:1 ratio observed in the general IBD patient 
population. Ages of the subjects ranged from 3 years to 78 years and thirty-two 
subjects, or 22%, were 16 years of age or younger. Seventy-seven subjects, or 
15 51.7%, had CD and seventy-two of them, or 48.3% had UC. 

Thirty-one subjects having IBS were tested. Six of the subjects, or 
19.3%, were male and twenty-five of them, or 80.7%, were female. The tested 
male to female ratio closely approximates the 1:3 ratio observed in the general 
IBS population. Ages of the subjects ranged from 19 years to 78 years. 
20 Fifty-six healthy subjects also were tested as controls. Twenty- 

eight of the subjects, or 50%, were male and twenty-eight of them, or 50%, were 
female. Ages of the subjects ranged from infants to 79 years. A summary of the 
tested subject population is illustrated in Table 9. 
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Table 9: Summary of Subject Population 







Total number of IBD patients 


149 


No. Males 


77 
72 


Total number of patients with CD 


77 


No. Males 
No. Females 


43 
34 


Total number of patients with UC 


72 


No. Males 
No. Females 


34 
38 


Total number of patients with irritable bowel syndrome 


31 


No. Males 
No. Females 


6 
25 


Total number of healthy persons 


56 


No. Males 
No. Females 


28 
28 



5 Fecal specimens were collected from each enrolled subject and 

stored at -70°C until tested. Sample consistencies ranged from liquid to solid, 
numbers for which are illustrated in Table 10 for each subject group. As can be 
seen, forty-five of the IBD specimens were liquid specimens, sixty-two were 
semi-solid specimens, and forty-two were solid specimens. One of the IBS 

10 specimens was a liquid specimen, thirteen were semi-solid specimens, and 
seventeen were solid specimens. All of the specimens from healthy control 
subjects were solid. 
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Table 10: Summary of Specimen Consistencies for Each Subject Group 





Total number of ffiD patients (CD and UC) 


149 


Total number of liquid specimens 


45 


Total number of semi-solid specimens 


62 


Total number of solid specimens 


42 


Total number of patients with IBS 


31 


Total number of liquid specimens 


1 


Total number of semi-solid specimens 


13 


Total number of solid specimens 


17 


Total number of healthy persons 


56 


Total number of liquid specimens 


0 


Total number of semi-solid specimens 


0 


Total number of solid specimens 


56 



The level of fecal lactoferrin in each specimen was determined 
5 using the qualitative lactoferrin ELISA as previously described. A specimen 
dilution of 1:400 was used. Results were reported as positive if an optical density 
of greater than or equal to 0.200 was observed. Conversely, results were reported 
as negative if an optical density of less than 0.200 was observed. 

Of the IBD subject group, ninety-two subjects had active disease 
10 and fifty-seven had inactive disease. Of the active group, a total of eighty 
subjects, or 87.0%, tested positive in the assay. Of the inactive group, a total of 
thirty-two subjects, or 56.1%, tested positive. Of the forty-one subjects having 
active UC, a total of thirty-six subjects, or 87.8% tested positive in the assay. Of 
the fifty-one subjects having active CD, forty-four, or 86.3%, tested positive. All 
15 thirty-one patients having active BBS and all fifty-six healthy control subjects 
tested negative in the assay. A summary of assay test results is illustrated in 
Table 11 and various individual comparisons are illustrated in Tables 12, 13 and 
14, as more fully described below. 
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Table 11: Summary of ELISA test Results for CD, UC, 
Active IBS, and Healthy Control Subjects 



Total BD 


149 


75.2% (112) 


24.8% (37) 


Active 


92 


87.0% (80) 


13.0% (12) 


Inactive 


57 


56.1% (32) 


43.0% (25) 


Total CD 


77 


77.9% (60) 


22.1% (17) 


Active 


56 


86.3% (44) 


13.7% (7) 


Inactive 


26 


61.5% (16) 


38.5% (10) 


Total UC 


72 


72.2% (52) 


27.7% (20) 


Active 


41 


87.8% (36) 


12.2% (5) 


Inactive 


31 


51.6% (16) 


48.4% (15) 


Total Active IBS 


31 


0 


100.0% (31) 


Total Healthy Persons 


56 


0 


100.0% (56) 



5 When distinguishing samples from active IBD subjects from 

subject samples having IBS or from healthy control samples, the ELISA 
exhibited a sensitivity of 87% and specificity of 100%. Sensitivity was 
calculated by dividing the number of persons having IBD and testing positive in 
the ELISA by the number of subjects having IBD. Specificity was calculated by 
10 dividing the number of subjects having IBD and testing positive in the ELISA by 
the number of subjects testing positive in the ELISA. The predictive positive and 
negative values were 100% and 87.9%, respectively, and the correlation was 
93.3%. These results are summarized in Table 12. 
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Table 12: Statistical Evaluation using the ELISA to Distinguish 
Active IBD from IBS/Healthy Control Subjects 









ELISA positive 


80 


0 


ELISA negative 


12 


87 



Sensitivity 


87.0% 


Specificity 


100% 


Predictive Positive Value 


100% 


Predictive Negative Value 


87.9% 


Correlation 


93.3% 



5 

When distinguishing samples from active UC subjects from 

subject samples having IBS or from healthy control subjects, the ELISA 

exhibited a sensitivity of 87.8% and a specificity of 100%. The predictive 

positive and negative values were 100% and 94.6%, respectively, and the 

10 correlation was 96.1%. These results are summarized in Table 13. 

Table 13: Statistical Evaluation using the ELISA to Distinguish Active 
UC from IBS/Healthy Control Subjects 





ELISA positive 


36 


0 


ELISA negative 


5 


87 



Sensitivity 


87.8% 


Specificity 


100% 


Predictive Positive Value 


100% 


Predictive Negative Value 


94.6% 


Correlation 


96.1% 



15 

When distinguishing subject samples having active CD from 
subject samples having IBS or from healthy control samples, the ELISA 
exhibited a sensitivity of 86.3% and a specificity of 100%. The predictive 
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positive and negative values were 100% and 92.6%, respectively, and the 
correlation was 94.9%. These results are summarized in Table 14. 



Table 14: Statistical Evaluation using the ELISA to Distinguish 
Active CD from DBS/Healthy Control Subjects 









ELISA positive 


44 


0 


ELISA negative 


7 


87 



5 



Sensitivity 


86.3% 


Specificity 


100% 


Predictive Positive Value 


100% 


Predictive Negative Value 


92.6% 


Correlation 


94.9% 



h. Reproducibility and Precision 

The inter-assay variation was determined by analyzing eight 

lactofenin-negative and eight lactoferrin-positive fecal specimens over a three 

10 day period. The average % Coefficient of Variation (CV) was 23.5% for the 

positive specimens and 7.4% for the negative specimens. The intra-assay 

variation was determined by analyzing twelve fecal specimens using six 

replicates in one lot of kits. The intra-assay analysis ranged in %CV from 2.7 to 

24.0 with an average of 8.7%. 

15 Example 2 

Lactof errin Quantitative Assay 

In the quantitative assay of the present invention, fecal specimens 
preferably are serially diluted ten-fold and added to microliter wells containing 
immobilized polyclonal antibodies against human lactoferrin. If endogenous 
20 lactoferrin is present, it will bind to the antibodies during an incubation at 
approximately 37 °C. Following the incubation, conjugate comprised of 
polyclonal antibodies coupled to horseradish peroxidase enzyme is added and 
allowed to bind to captured lactoferrin. Unbound conjugate is then washed from 
the well and a component substrate (e.g., tetra-methyl-benzidene and hydrogen 
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peroxide) is added for color development Following the substrate incubation, 
0.6N sulfuric acid is added to quench the reaction and the absorbance or optical 
density (OD) is obtained spectrophotometrically at 450 nm on a single 
wavelength device. Fecal lactoferrin concentrations are determined by 
5 comparison to a standard curve generated using purified human lactoferrin. 

a. Preparation of Standard Curve 

A 1 mg/mL stock solution of purified human lactoferrin, 
manufactured by Sigma Immunochemicals of St Louis, Missouri, was prepared 
using 10 mg of lactoferrin dissolved in 10 mL of sterile phosphate buffered saline 

10 (PBS) at pH 7.4. Serial two-fold dilutions of lactoferrin were made using the 
range of approximately 6 to 100 ng/mL in Diluent. For the analysis, 0.1 mL of 
each standard was assayed in duplicate. Optical densities (OD450) were 
determined and plotted versus lactoferrin concentration to generate standard 
curves. The linear portion of the curve was determined by linear regression 

15 analysis using the Log-Log method (Microsoft EXCEL, Microsoft R Office). 
The lowest dilution of specimen that gave an OD 450 within the linear portion of 
the curve was used to determine the lactoferrin concentration. The final 
concentration was obtained by multiplying the concentration by the dilution 
factor. 

20 b. Quantitative Test Procedure 

In order to assess the ability of the quantitative ELISA to measure 
the level of fecal lactoferrin, two fecal specimens collected six weeks apart from 
six female and rive male adults were diluted and then spiked with lactoferrin to a 
concentration of 25 ng/mL. The estimated lactoferrin that was determined 

25 represents the level of lactoferrin determined from a standard curve generated 
with the quantitative ELISA. The % Variation represents the difference between 
the actual amount used to spike the sample and the estimated amount. Under 
these conditions, the variations ranged from 1.0% to 85.8% for females and 8.8% 
to 47.0% for males. Results showed a higher percent variation in female adults 

30 as compared to male adults. The stool samples that showed a higher variation 
had higher levels of lactoferrin prior to spiking. The results are illustrated in 
Tables 15 and 16 below. 
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Table IS. Stool samples of female adult subjects spiked to a 
final concentration of 25 ng/mL 



iipp 










■ -' : ,vfl',:',,S 






1 


25 


15.4 


38.4 


2 


25 


22.9 


8.5 


3 


25 


21.8 


12.7 


4 


25 


28.4 


13.5 


5 


25 


16.2 


35.3 


6 


25 


15.8 


37.0 


7 


25 


35.5 


41.8 


8 


25 


46.5 


85.8 


9 


25 


27.7 


10.8 


10 


25 


32.3 


29.1 


11 


25 


26.1 


4.3 


12 


25 


25.3 


1.0 



Table 16. Stool samples of male adult subjects spiked to a 
final concentration of 25 ng/mL 




1 


25 


21.9 


12.4 


2 


25 


21.2 


15.0 


3 


25 


20.9 


16.3 


4 


25 


21.4 


14.4 


5 


25 


20.8 


16.8 


6 


25 


22.8 


8.8 . 


7 


25 


28.9 


15.5 


8 


25 


29.4 


17.4 


9 


25 


36.7 


47.0 


10 


25 


19.5 


21.9 



A second method for spiking was using the same two stool 
specimens collected six weeks apart from six female and five male adults were 
10 diluted and spiked with lactoferrin to a concentration of 4 ng/mL. The estimated 
lactoferrin represents the level of lactoferrin determined from a standard curve 
generated by the quantitative ELISA. The % Variation represents the difference 
between the actual amount used to spike the sample and the estimated value. 
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Under these conditions, the variation ranged from 11.3% to 84.9% for females 

and from 5.0% to 39.2% for males. Results were similar to those obtained with 

specimens spiked with 25 ng/mL lactoferrin as described above, showing a 

higher percent variation in female adults compared to male adults. The results 

are illustrated in Tables 17 and 18 below. 

Table 17. Stool samples of female adult subjects spiked to a 
final concentration of 4 |ig/mL 




1 


~~ 4 


4.5 


11.3 


2 


4 


4.6 


15.3 


3 


4 


5.3 


33.4 


4 


4 


4.9 


21.4 


5 


4 


3.5 


11.5 


6 


4 


3.4 


14.7 


7 


4 


5.3 


32.7 


8 


4 


6.7 


67.6 


9 


4 


5.5 


38.6 


10 


4 


5.8 


44.9 


11 


4 


5.8 


43.9 


12 


4 


7.4 


84.9 



10 



Table 18. Stool samples of male adult subjects spiked to a 
final concentration of 4 ug/mL 




1 


4 


4.7 


17.5 1 


2 


4 


4.6 


14.4 


3 


4 


4.2 


5.0 


4 


4 


5.6 


39.2 


5 


4 


4.2 


5.9 


6 


4 


4.7 


18.5 


7 


4 


4.7 


16.5 


8 


4 


5.5 


37.9 


9 


4 


5.3 


33.6 


10 


4 


4.3 


6.6 
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Monitoring Using the Quantitative ELISA 

The quantitative ELISA of the present invention was used to 
follow the lactoferrin levels of single patient suffering from ulcerative colitis 
during a flare of active disease through remission. The patient showed extremely 

5 high levels of lactoferrin (e.g., 9749.37ug/mL feces) during the peak of the active 
disease, the levels dropping rapidly (e.g., to 7.42 jig/mL feces) following anti- 
inflammatory drug therapy. Levels elevated dramatically again during a relapse 
and leveled at slightly above those of healthy control persons (e.g., 11.06 u,g/mL 
feces) during periods of remission. Thus, lactoferrin levels determined according 

10 to the quantitative ELISA of the present invention accurately depicted disease 
activity in response to medical treatment. 

Example 3 

ASCA Assay 

In this example, a fecal sample was obtained and serially diluted 

15 20 fold. 100 ul of the diluted sample was added to a test well of a microassay 
plate coated with extract of Saccharomyces cerevisiae. The sample then was 
incubated at 37°C to allow antibodies to Saccliaromyces cerevisiae to bind to the 
extract of Saccharomyces cerevisiae. Following incubation, anti-human Ig 
polyclonal antibodies coupled to horseradish peroxidase enzyme (conjugate) 

20 were added to the test well and allowed to bind to captured ASCA. Unbound 
conjugate then was washed from the well and one component substrate (tetra- 
methyl-benzidene and hydrogen peroxide) was added for color development. 
Following the substrate incubation, 0.1M sulfuric acid was added to quench the 
reaction and the optical density (OD) was obtained spectrophotometrically at 450 

25 run using a single wavelength spectrophotometer. 

The method described above was used in a clinical study to test a 
total of 86 BD patients (55.8% males and 44.2% females). The approximate 1 to 
1 ratio of males to females was similar to the ratio observed in IBD patient 
populations. The IBS patient group ranged in age from 19 to 78 years and was 

30 9% male and 91% female. This ratio of males to females (1:10) reflects the 
increased incidence for IBS in females as seen in patient populations. The 
healthy control (HC) patient group ranged in age from 20 to 79 years old and was 
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33.3% male and 66.6% female. A summary of the patient population in the 
clinical study is shown in Table 19. 

TABLE 19 Summary of patient population. 



Summary of Clinical Histories 


Total 


(N=120) v' 


Subjects ■;* 


Total number of IBD patients 


86 


No. Males 


48 


No. Females 


38 


Total number of patients with Crohn's Disease 


49 


No. Males 


26 


No. Females 


23 


Total number of patients with ulcerative colitis 


37 


No. Males 


22 


No. Females 


15 


Total number of patients with irritable bowel syndrome 


22 


No. Males 


2 


No. Females 


20 


Total number of healthy controls 


12 


No. Males 


4 


No. Females 


8 



In the clinical study, there were 37 ulcerative colitis patients, 49 
Crohn's disease patients, 22 irritable bowel patients, and 12 healthy controls. 
Fecal samples were collected from each enrolled subject and stored at -70°C until 
tested. The optical densities for each sample were detennined using the method 

10 described above. Results were reported as positive for fecal ASCA if an optical 
density of greater than or equal to 0.200 was observed. Results were reported as 
negative for fecal ASCA if an optical density of less than or equal to 0.199 was 
observed. Other clinical data, such as stool consistency, was also determined. 
Table 20, below, contains the clinical data and test results for healthy patients that 

15 participated in this clinical study. Table 21, below, contains the clinical data and 
test results for patients with ulcerative colitis patients that participated in this 
clinical study. Table 22, below, contains the clinical data and test results for 
patients with Crohn's disease that participated in this study. Table 23, below, 
contains the clinical data and test results for patients with irritable bowel 

20 syndrome that participated in this study. 
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TABLE 20 Clinical data and test results for healthy controls 



Donor 
ID 


Sex 


Age : 
Range 


Previons of 
chronic GI 
: illness 


Stool 
Consistency 


Optical Density 


Fecal ASCA 


HCl 


F 


40-49 


NO 


Solid 


0.098 


NEGATIVE 


HC2 


F 


40-49 


NO 


Solid 


0.089 


NEGATIVE 


HC3 


M 


70-79 


NO 


Solid 


0.095 


NEGATIVE 


HC4 


F 


60-69 


NO 


Solid 


0.085 


NEGATIVE 


HC5 


M 


70-79 


NO 


Solid 


0.083 


NEGATIVE 


HC6 


F 


70-79 


NO 


Solid 


0.076 


NEGATIVE 


HC7 


F 


50-59 


NO 


Solid 


0.124 


NEGATIVE 


HC8 


F 


40-49 


NO 


Solid 


0.095 


NEGATIVE 


HC9 


F 


50-49 


NO 


Solid 


0.111 


NEGATIVE 


HC10 


F 


40-49 


NO 


Solid 


0.111 


NEGATIVE 


HC11 


M 


50-60 


NO 


Solid 


0.070 


NEGATIVE 


HC12 


M 


50-60 


NO 


Solid 


0.054 


NEGATIVE 



5 TABLE 21 Clinical data and test results for ulcerative colitis patients 



Patient 
ID 


Sex 


Age 


pisedse 


Stool ^ 
Consistency 


£ Disease , 
Activity 


Optical 
density 


Fecal ASCA 

. .:• • - 


UC1 


F 


46 


UC 


Liquid 


ACTIVE 


0.184 


NEGATIVE 


UC2 


M 


39 


UC 


Liquid 


ACTIVE 


0.378 


POSITIVE 


UC3 


F 


30 


UC 


Semi-Solid 


ACTIVE 


0.193 


NEGATIVE 


UC4 


F 


31 


UC 


Semi-Solid 


INACTIVE 


0.319 


POSITIVE 


UC5 


F 


30 


UC 


Semi-Solid 


ACTIVE 


0.114 


NEGATIVE 


UC6 


M 


61 


UC 


Semi-Solid 


INACTIVE 


0.115 


NEGATIVE 


UC7 


F 


68 


UC 


Liquid 


INACTIVE 


0.091 


NEGATIVE 


UC8 


F 


45 


UC 


Liquid 


ACTIVE 


0.356 


POSITIVE 


UC9 


F 


21 


UC 


Semi-Solid 


ACTIVE 


0.082 


NEGATIVE 


UC10 


F 


27 


UC 


Liquid 


ACTIVE 


0.161 


NEGATIVE 


UC11 


F 


24 


UC 


Solid 


INACTIVE 


0.104 


NEGATIVE 


UC12 


F 


74 


UC 


Semi-Solid 


INACTIVE 


0.091 


NEGATIVE 


UC13 


M 


69 


UC 


Semi-Solid 


ACTIVE 


0.070 


NEGATIVE 


UC14 


M 


19 


UC 


Solid 


INACTIVE 


0.088 


NEGATIVE 


UC15 


M 


62 


UC 


Solid 


INACTIVE 


0.054 


NEGATIVE 


UC16 


F 


70 


UC 


Solid 


INACTIVE 


0.056 


NEGATIVE 


UC17 


M 


23 


UC 


Liquid 


ACTIVE 


0.573 


POSITIVE 


UC18 


F 


52 


UC 


Solid 


ACTIVE 


0.073 


NEGATIVE 


UC19 


M 


60 


UC 


Solid 


INACTIVE 


0.062 


NEGATIVE 
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UC20 


F 


52 


UC 


Liquid 


ACTIVE 


0.089 


NEGATIVE 


UC21 


M 


31 


uc 


Solid 


INACTIVE 


0.064 


NEGATIVE 


UC22 


M 


44 


UC 


Semi-Solid 


INACTIVE 


0.143 


NEGATIVE 


UC23 


F 


30 


uc 


Liquid 


ACTIVE 


0.110 


NEGATIVE 


UC24 


M 


48 


UC 1 


Semi-Solid 


INACTIVE 


0.096 


NEGATIVE 


UC25 


F 


37 


UC 


Liquid 


ACTIVE 


0.282 


POSITIVE 


UC2o 


r 


32 


T T/*1 

UC 


Solid 


ACTIVE 


0.107 


NEGATIVE 


UC27 


F 


46 


UC 


Liquid 


ACTIVE 


0.199 


NEGATIVE 


UC28 


M 


49 


UC 


Semi-Solid 


INACTIVE 


0.161 


NEGATIVE 


UC29 


F 


42 


UC 


Solid 


INACTIVE 


0.080 


NEGATIVE 


UC30 


F 


41 


UC 


Semi-Solid 


INACTIVE 


0.087 


NEGATIVE 


UC31 


F 


43 


UC 


Solid 


INACTIVE 


0.070 


NEGATIVE 


UC32 


M 


30 


UC 


Solid 


ACTIVE 


0.103 


NEGATIVE 


UC33 


F 


43 


UC 


Solid 


INACTIVE 


0.092 


NEGATIVE 


UC34 


F 


33 


UC 


Semi-Solid 


INACTIVE 


0.075 


NEGATIVE 


UC35 


M 


58 


UC 


Semi-Solid 


ACTIVE 


0.121 


NEGATIVE 


UC36 


F 


32 


UC 


Semi-Solid 


ACTIVE 


0.083 


NEGATIVE 



TABLE 22 Clinical Data and test results for Crohn's disease patients. 



Patient 
ID 


Sex 

f> 


Age 


Disease 


' | Stool 
Consistency 


Disease 

Atftyty 


Optical; 
Density : 


• * ...... ;: "S-%'-rc 


CD1 


M 


26 


CD 


Liquid 


INACTIVE 


1.900 


POSITIVE 


CD2 


M 


60 


CD 


Liquid 


ACTIVE 


2.849 


POSITIVE 


CD3 


F 


66 


CD 


Liquid 


ACTIVE 


0.282 


POSITIVE 


CD4 


F 


74 


CD 


Semi-Solid 


INACTIVE 


0.091 


NEGATIVE 


CDS 


F 


25 


CD 


Solid 


INACTIVE 


0.162 


NEGATIVE 


CD6 


F 


66 


CD 


Semi-Solid 


INACTIVE 


1.240 


POSITIVE 


CD7 


M 


39 


CD 


No Data 


ACTIVE 


1.150 


POSITIVE 


CD8 


F 


46 


CD 


Liquid 


ACTIVE 


0.160 


NEGATIVE 


CD9 


F 


46 


CD 


Semi-Solid 


INACTIVE 


0.074 


NEGATIVE 


CD10 


F 


56 


CD 


Solid 


ACTIVE 


0.406 


POSITIVE 


CD11 


M 


56 


CD 


Solid 


ACTIVE 


0.168 


NEGATIVE 


CD12 


F 


56 


CD 


Liquid 


ACTIVE 


0.732 


POSITIVE 


CD13 


M 


21 


CD 


Solid 


ACTIVE 


i 1.369 


POSITIVE 


CD14 


M 


52 


CD 


Semi-Solid 


INACTIVE 


0.136 


NEGATIVE 


CD15 


M 


63 


CD 


Solid 


INACTIVE 


0.134 


NEGATIVE 


CD16 


M 


34 


CD 


Solid 


ACTIVE 


0.076 


NEGATIVE 


CD17 


F 


45 


CD 


Semi-Solid 


ACTIVE 


0.160 


NEGATIVE 


CD18 


M 


67 


CD 


Semi-Solid 


INACTIVE 


0.059 


NEGATIVE 


CD19 


F 


46 


CD 


No Data 


ACTIVE 


0.839 


POSITIVE 



WO 2004/037073 



PCT/US2003/034094 



-27- 



CD20 


M 


66 


CD 


Semi-Solid 


TXT A / Villi n? 

INACTIVE 


f\ AO A 

0.084 


NEGATIVE 


CD21 


M 


63 


CD 


Liquid 


ACTIVE 


0.780 


POSITIVE 


CD21 


M 


51 


CD 


Semi-Solid 


ACTIVE 


3.000 


POSITIVE 


CD22 


M 


34 


CD 


Semi-Solid 


ACTIVE 


1.447 


POSITIVE 


CD23 


M 


21 


CD 


Solid 


ACTIVE 


2.757 


POSITIVE 


CD24 


F 


78 


CD 


Semi-Solid 


INACTIVE 


0.092 


NEGATIVE 


CD25 


F 


27 


CD 


Semi-Solid 


ACTIVE 


0.979 


POSITIVE 


CD26 


M 


40 


CD 


Liquid 


ACTIVE 


0.373 


POSITIVE 


CD27 


M 


51 


CD 


Liquid 


ACTIVE 


0.978 


POSITIVE 


CD28 


M 


42 


CD 


Liquid 


ACTIVE 


0.089 


NEGATIVE 


CD29 


F 


31 


CD 


Solid 


INACTIVE 


0.075 


NEGATIVE 


CD30 


F 


59 


CD 


Solid 


ACTIVE 


0.088 


NEGATIVE 


CD31 


M 


35 


CD 


Semi-Solid 


ACTIVE 


1.487 


POSITIVE 


CD32 


M 


37 


CD 


Semi-Solid 


INACTIVE 


1.257 


POSITIVE 


CD33 


F 


77 


CD 


Solid 


INACTIVE 


0.093 


NEGATIVE 


CD34 


F 


40 


CD 


No Data 


ACTIVE 


1.762 


POSITIVE 


CD35 


F 


38 


CD 


* Liquid 


ACTIVE 


0.098 


NEGATIVE 


CD36 


M 


51 


CD 


Liquid 


ACTIVE 


2.326 


POSITIVE 


CD37 


M 


38 


CD 


Semi-Solid 


ACTIVE 


0.091 


NEGATIVE 


CD38 


M 


37 


CD 


Liquid 


ACTIVE 


0.372 


POSITIVE 


CD39 


M 


59 


CD 


Semi-Solid 


ACTIVE 


0.224 


POSITIVE 


CD40 


F 


41 


CD 


Solid 


ACTIVE 


0.503 


POSITIVE 


CD41 


M 


41 


CD 


Solid 


ACTIVE 


0.117 


NEGATIVE 


CD42 


M 


48 


CD 


Liquid 


ACTIVE 


0.115 


NEGATIVE 


CD43 


F 


40 


CD 


Solid 


INACTIVE 


0.638 


POSITIVE 


CD44 


F 


72 


CD 


Solid 


ACTIVE 


0.087 


NEGATIVE 


CD45 


F 


32 


CD 


Liquid 


INACTIVE 


0.911 


POSITIVE 


CD46 


F 


24 


CD 


Liquid 


ACTIVE 


0.341 


POSITIVE 


CD47 


M 


23 


CD 


Solid 


INACTIVE 


0.088 


NEGATIVE 


CD48 


F 


34 


CD 


Liquid 


ACTIVE 


0.599 


POSITIVE 



TABLE 23 Clinical data and test results for irritable bowel syndrome 

patients 



Patient ID 


Sex 


Age 


Disease 


Stool 
consistency 


Disease 
Acfiyity 


Optical 
Density 


Fecal 
ASCA 


IBS1 


F 


56 


IBS 


Semi-Solid 


ACTIVE 


0.132 


NEGATIVE 


IBS2 


F 


48 


IBS 


Solid 


ACTIVE 


0.103 


NEGATIVE 


IBS3 


F 


30 


IBS 


Solid 


ACTIVE 


0.073 


NEGATIVE 


IBS4 


F 


31 


IBS 


Solid 


ACTIVE 


0.074 


NEGATIVE 


IBS5 


F 


72 


IBS 


Semi-Solid 


ACTIVE 


0.079 


NEGATIVE 
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IBS6 


F 


47 


IBS 


Solid 


ACTIVE 


0.088 


NEGATIVE 


IBS7 


F 


19 


IBS 


Semi-Solid 


ACTIVE 


0.105 


NEGATIVE 


ffiS8 


F 


58 


IBS 


Semi-Solid 


ACTIVE 


0.107 


NEGATIVE 


BS9 


F 


40 


IBS 


Solid 


ACTIVE 


0.065 


NEGATIVE 


rosio 


F 


33 


IBS 


Semi-Solid 


ACTIVE 


0.065 


NEGATIVE 


IBS11 


F 


78 


IBS 


Solid 


ACTIVE 


0.071 


NEGATIVE 


IBS12 


F 


74 


IBS 


Semi-Solid 


ACTIVE 


0.063 


NEGATIVE 


DBS13 


F 


50 


IBS 


Semi-Solid 


ACTIVE 


0.052 


NEGATIVE 


IBS14 


F 


39 


IBS 


Solid 


ACTIVE 


0.079 


NEGATIVE 


IBS15 


F 


54 


IBS 


Solid 


ACTIVE 


0.080 


NEGATIVE 


IBS16 


M 


49 


IBS 


Semi-Solid 


ACTIVE 


0.238 


POSITIVE 


BS17 


M 


53 


IBS 


Solid 


ACTIVE 


0.123 


NEGATIVE 


D3S18 


F 


34 


IBS 


Solid 


ACTIVE 


0.091 


NEGATIVE 


IBS 19 


F 


43 


IBS 


Solid 


ACTIVE 


0.075 


NEGATIVE 


IBS20 


F 


35 


IBS 


Solid 


ACTIVE 


0.075 


NEGATIVE 


IBS21 


! F 


51 


IBS 


Semi-Solid 


ACTIVE 


0.081 


NEGATIVE 


BS22 


F 


40 


IBS 


Solid 


ACTIVE 


0.083 


NEGATIVE 



There were a total of 49 patients with Crohn's disease and 37 with 
ulcerative colitis. In the Crohn's disease group, a total of 55.1% patients were 
positive for fecal ASCA. In the ulcerative colitis group, 13.5% were positive. Of 
5 the 22 IBS patients, a single patient (4.6%) was positive for fecal ASCA. All 12 
healthy controls were negative. A summary of positive results for fecal ASCA is 
shown in Table 24. 
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TABLE 24 Summary of positive results for Crohn's disease, ulcerative 

colitis, 

active IBS, and healthy controls 



Total 

Assessments N = 120 


Total 


Fecal ASCA 
Positive 


Fecal ASCA 
Negative 


Total IBD (Crohn's 
disease and ulcerative 
colitis) 


86 


37.2% (32) 


62.8% (54) 


Total Crohn's Disease 


49 


55.1% (27) 


44.9% (22) 


Total Ulcerative Colitis 


37 


13.5% (5) 


86.5% (32) 


Total Active IBS 


22 


4.6% (1) 


96.4% (21) 


Total Healthy Controls 


12 


0 


100.0% (12) 



5 

When distinguishing Crohn's disease from ulcerative colitis, fecal 



ASCA exhibited a sensitivity of 55.1% and specificity of 86.5%. The predictive 
positive and negative values were 84.4% and 59.3%, respectively, and the 
correlation was 68.6% as shown in Table 25. 

10 

TABLE 25 Statistical evaluation using the presence of fecal ASCA to 
distinguish Crohn's disease from ulcerative colitis 



N=86 


Crohn's disease 


Ulcerative colitis 


Fecal ASCA positive 


27 


5 


Fecal ASCA negative 


22 


32 



15 



Sensitivity 


55.1% 


Specificity 


86.5% 


Predictive Positive Value 


84.4% 


Predictive Negative Value 


59.3% 


Correlation 


68.6% 
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When distinguishing Crohn's disease from ulcerative colitis, 
irritable bowel syndrome and healthy controls, fecal ASCA exhibited a sensitivity 
of 55% and a specificity of 91.6%. The predictive positive and negative values 
were 82% and 75%, respectively, and the correlation was 77% as shown below in 
5 Table 26. 



TABLE 26 Statistical evaluation using fecal ASCA to distinguish Crohn's 
disease from ulcerative colitis, irritable bowel syndrome/healthy controls 



;•: v N=l%: • 


■\ ' Crohn's disease 


UCflDBS/Healtay 
.; Controls ■■; 


Fecal ASCA positive 


27 


6 


Fecal ASCA negative 


22 


65 



10 



Sensitivity 


55.1% 


Specificity 


91.6% 


Predictive Positive Value 


81.8% 


Predictive Negative Value 


74.7% 


Correlation 


76.7% 



The mean optical densities for each group were obtained and 
differences were tested for statistical significance using a two-tailed t-test giving 
a p-value result Of the 33 patients that tested positive for fecal ASCA, there 

15 were 27 CD, 5 UC, and 1 IBS. Sensitivity, specificity and overall correlation 
were 55.1%, 91.5% and 76.7%, respectively. ASCA-positive CD showed a 
higher mean+SD A450 of 1.183+0.794 as compared to 0.382+0.113 for UC and 
the single A450 of 0.0.09 l±O.0.038 for IBS. There was a significant difference 
between CD and all other subject groups. A summary of the statistical analysis is 

20 listed in Table 27. 
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TABLE 27 Summary of the Mean and P values of Optical Densities for 

Fecal ASCA 



Test '■■ 
Group 


Mean 
Optical 
Density 


Standard 
Deviation 


Optical 
Density 
Range 


P Value 


CD 


1.183 


0.794 


0.341-3.000 


CD vsUCJDBS,HC 
P< 0.005 


UC 


0.382 


0.113 


0.382-0.113 


CDvsUC 
P<0.05 


IBS 


0.091 


0.038 


0.052-0.238 


CD vs IBS 
P< 0.005 


HC 


0.091 


0.019 


0.054-0.124 


CDvsHC 
P< 0.005 



5 The sensitivity of the fecal ASCA test also was determined using 

serial two fold dilutions of highly purified ASCA antibodies. For the analysis, 
standard curves were generated using the kit diluent. The test was consistendy 
positive at a concentration of 0.62 [ig/mL as determined by a cutoff absorbency 
value of > 0.200. Individual results are shown below in Table 28. The standard 

10 curves are shown in FIG. 1. 

TABLE 28 Standard curves generated using purified ASCA antibodies 



Purified 


Testi; 


;^Test'2l 




StdDev 


ASCA 










Antibodies 










(us/mfc) & 










5.00 


1.702 


1.856 


1.779 


0.108 


2.50 


1.117 


1:099 


1.108 


0.012 


1.25 


0.634 


0.624 


0.629 


0.007 


0.62 


0303 


0329 


0316 


0.018 


0.31 


0.191 


0.164 


0.177 


0.019 


0.16 


0.115 


0.113 


0.114 


0.001 


0.08 


0.090 


0.077 


0.083 


0.009 


0.04 


0.063 


0.065 


0.064 


0.001 



15 Tests also were conducted to determine what type of 

immunoglobulins (antibodies) were present in a fecal sample and in serum. The 
immunglobulin typing was done for human IgA, human IgA^ec, human IgD, 
human IgM, and human IgG. The immunoglobulin typing was done on a fecal 
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sample from 6 Crohn's disease patients and 2 ulcerative colitis and on a serum 
control sample using pre-absorbed Ig-type specific conjugates. The serum 
control sample was obtained from a patient with a confirmed allergy to 
Sacdiaromyces cerevisiae. 

5 Of the Crohn's disease patients, 5 patients exhibited a response to 

IgA and IgA sec , 4 patients exhibited a response to IgM and a single patient 
exhibited a response to IgG. Of the 2 ulcerative colitis patients, a single patient 
reacted with the Ig conjugate. The serum control only exhibited a response to 
individual immunoglobulins IgM and IgG. A response to IgA and IgAsec 

10 occurred the fecal samples but not in the control serum sample. A summary of 
results is shown in Table 29. 
TABLE 29 A Summary of Immunoglobulin Typing of ASCA in a Human 



Fecal sample and a Serum Control 



Patient 
Number 




IgA . 
Conju-f 


Conju- 
gate 

% k 


IgD 
Conju- 
gate 


Conju-, 
gate 


IgG 
^Conju- 
gate 


ig 4 

Conju-/ 
gate; 


1 


Crohn's 
Disease 


+ 


+ 




+ 




+ 


2 


Crohn's 
Disease 


+ 


+ 




+ 




+ 


3 


Crohn's 
Disease 














4 


Crohn's 
Disease 


+ 


+ 


NO 
DATA 


+ 




+ 


5 


Crohn's 
Disease 


+ 


+ 


NO 
DATA 






+ 


6 


Crohn's 
Disease 


+ 


+ 


NO 
DATA 


+ 




+ 


7 


UC 














8 


UC 












+ 


Serum 
Control 


Yeast 
Allergy 








•f 


+ 


+ 



15 
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Example 4 
ANCA ASSAY 

The ANCA specific immunoassay was used to differentiate 
ulcerative colitis and other gastrointestinal illnesses such as Crohn's disease and 

5 irritable bowel syndrome by measuring the level of total fecal ANCA. A 
qualitative immunoassay such as an enzyme-linked immunoassay that utilizes 
both monoclonal and polyclonal antibodies to endogenous human ANCA 
indicated the absence or presence of ulcerative colitis. In the example qualitative 
assay, the fecal specimen was diluted 10 fold and added to a well containing the 

10 immobilized neutrophil antigens. If ANCA was present, it was bound to the 
antigens during the incubation at 37°G Following the incubation, anti-human Ig 
polyclonal antibodies coupled to horseradish peroxidase enzyme (conjugate) 
were added and allowed to bind to captured ANCA. Unbound conjugate was 
then washed from the well and one component substrate (tetramethybenzidene 

15 and hydrogen peroxide) was added for color development. Following the 
substrate incubation, 0.1M sulfuric acid was added to quench the reaction and the 
optical density (OD) was obtained spectrophotometrically at 450 nm. 

Using the procedure described above, a total of 98 IBD patients 
were enrolled and comprised 51% males and 49% females with an age range of 0 

20 to 69 years. The approximate 1 to 1 ratio is similar to the ratio observed in IBD 
patient populations. The IBS patient group had an age range of 5 to 39 years with 
57% males and 43% females. The healthy controls were 55% male and 45% 
female and comprised the age range of 20 to 79 years. Individual numbers for 
each age group are shown in Table 30. 
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TABLE 30. Summary of patient population. 



Sum ma rv nf Clinical Histories * 


Total 


(N=116) 


Subjects : 


Total number of IBD patients 


98 


No Males 


50 


No. Females 


48 


Total number of patients with Crohn's Disease 


47 


No. Males 


26 


No. Females 


21 


Total number of patients with ulcerative colitis 


51 


No. Males 


24 


No. Females 


27 


Total number of patients with irritable bowel syndrome 


7 


No. Males 


4 


No. Females 


3 


Total number of healthy persons 


11 


No. Males 


6 j 


No. Females 


5 



There were 51 ulcerative colitis patients, 47 Crohn's disease 
5 patients, 7 irritable bowel patients, and 11 healthy adults recruited for the study. 
Fecal specimens were collected from each enrolled patient and stored at -70°C 
until tested. Specimen consistency ranged from solid to liquid. The level of fecal 
ANCA was determined using the qualitative ANCA ELISA as previously 
described. Disease activity was defined using elevated fecal lactoferrin as an 
10 indicator of intestinal inflammation. A dilution of 1:10 was used in the ANCA- 
CHEK (qualitative ELISA) and results were reported as positive (absorbance 
values > 0.140) or negative (absorbance values < 0.140). The mean optical 
densities, standard deviation and P values (two-tailed student T-test with unequal 
variance) were determined for the ANCA positive ulcerative colitis patients. Of 
15 the 26 patients that tested positive for fecal ANCA, there were 4 CD, 21 UC, and 
1 healthy person. ANCA-positive UC showed a mean ± SD OD450 of 0.311 ± 
0.166. The mean OD for the UC patients was significantly different from IBS and 
healthy persons (p value<0.0005). A summary of the statistical analysis is listed 
in Table 31. 



WO 2004/037073 



PCTYUS2003/034094 



-35- 



TABLE 31. Summary of the mean, standard deviation and P values for 
ANCA-CHEK Optical densities 



Group 
ID 


Number 


; Mean 
Optical 
Density 


Standard 
Deviation 


. Optical 
' Density 
Range 


P values 


ANCA + 
UC 


21 


0.311 


0.166 


0.141-0.804 


UCvsCD 
p<0.5 


ANCA + 
CD 


4 


0.209 


0.115 


0.141-0.381 


UC vs CD, ms.H 
p<0.0005 


IBS 


7 


0.078 


0.027 


0.047-0.121 


UC vs CD, IBS 
p<0.005 


Healthy 


11 


0.071 


0.041 


0.039-0.104 


UC vsIBS,H 
p<0.0005 



In the IBD group, there were 47 with Crohn's disease and 51 with 
5 ulcerative colitis. In the ulcerative colitis group, 41% were positive. In the 
Crohn's disease group, a total of 9% patients were positive by the ANCA-CHEK. 
Of the 1 1 healthy persons, 1 was positive and all 7 IBS patients were negative by 
the ANCA-CHEK test. A summary of positive results for the ANCA-CHEK is 
shown in Table 32 and individual results are listed in Tables 33 through 34. 



10 TABLE 32. Summary of positive results for Crohn's disease, ulcerative 
colitis, and IBS 



Tbtal . "V;< 
Assessments N = 116 


° Total •: 


Fecal ANCA 
Positive - 


Fecal ANCA 
Negative 


Total IBD (Crohn's 
disease and ulcerative 
colitis) 


98 


26% (25) 


75% (73) 


Total Crohn's Disease 


47 


9% (4) 


91% (43) 


Total Ulcerative Colitis 


51 


41% (21) 


59% (30) 


Total D3S 


7 


0 


7 


Total Healthy Persons 


11 


9%(1) 


91%(10) 
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When distinguishing ulcerative colitis from Crohn's disease, the 
ANCA-CHEK exhibited a sensitivity of 41% and specificity of 92%. The 
predictive positive and negative values were 84% and 59%, respectively, and the 
correlation was 65% (Table 33). 

5 

TABLE 33. Statistical evaluation using the ANCA-CHEK to distinguish 
Crohn's disease from ulcerative colitis 



I*=98 


i Ulcerative colitis 


Crohn's disease 


ANCA-CHEK positive 


21 


4 


ANCA-CHEK negative 


30 


43 



Sensitivity 


41% 


Specificity 


92% 


Predictive Positive Value 


84% 


Predictive Negative Value 


59% 


Correlation 


65% 



10 

When distinguishing ulcerative colitis from irritable bowel 
syndrome and healthy persons, the ANCA-CHEK exhibited a sensitivity of 41% 
and a specificity of 92%. The predictive positive and negative values were 81% 
and 67%, respectively, and the correlation was 70% (Table 34). 

15 

TABLE 34. Statistical evaluation using the ANCA-CHEK to distinguish 
ulcerative colitis from Crohn's disease, irritable bowel syndrome and 

healthy persons 



N=116 


Ulcerative colitis' 


Crohn's disease 
BBS/Healthy >• 


ANCA-CHEK positive 


21 


5 


ANCA-CHEK negative 


30 


60 



20 



Sensitivity 


41% 


Specificity 


92% 


Predictive Positive Value 


81% 


Predictive Negative Value 


67% 


Correlation 


70% 
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The sensitivity of the ANCA-CHEK was determined using serial 
two fold dilutions of human ANCA positive serum. For the analysis, standard 
curves were generated using the sample diluent. The test was consistently 
positive to a titer of 0.063 as determined by a cutoff absorbance value of > 0.200. 
5 Individual results are shown below in Table 35 and standard curves are shown in 
FIG. 2. 

TABLE 35. Standard curves generated using ANCA-CHEK (cut-offs are 

bolded) 



Human 
ANCA ' 
Serum 




Test 2 


Test 3 




StdDev 


1.000 
(Neat) 


1.441 


1.469 


1.525 


1.478 


0.043 


0.500 


1.098 


0.941 


1.014 


1.018 


0.079 


0.250 


0.717 


0.595 


0.666 


0.659 


0.061 


0.125 


0.492 


0.428 


0.444 


0.455 


0.033 


0.063 


0.327 


0.303 


0.320 


0.317 


0.012 


1 0.032 


0.196 


0.295 


0.221 


0.237 


0.051 


0.016 


0.132 


0.184 


0.179 


0.165 


0.029 


Diluent 


0.067 


0.093 


0.109 


0.090 


0.021 



10 

Table 36, below contains the clinical data and test results for 
patients with ulcerative colitis that participated in the study. Table 37, below, 
contains the clinical data and test results for patients with Crohn's disease that 
participated in the study. Table 38, below, contains the clinical data and test 
15 results for patients with irritable bowel syndrome that participated in the study. 
Table 39, below, contains the clinical data and test results for healthy patients that 
participated in the study. 
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TABLE 36. Clinical and ELISA results for ulcerative colitis patients. 



Patient 
ID 


Sex 


Age 
Range 


Disease 


Disease 
Activity: = y 

■ ■ ' •'. • • 


ANCA-CHEK 
; OD450 


• ANCA- 
CHBK 
Result . 




F 

A. 


10-10 

X V 17 


TIP 


TNAPTTVF 


ft ftS^ 
u.ujj 


MprJATTVF 


IIP2 


X 




TIP 


TNAPTTVF 

XL 1 zYV_, HVC 


0 107 


INUVJ/V 1 1 V d 


TTP1 


F 

j. 


J 7 




APTTVF 


n a<r 


l>CVJ/\ live 


TTP4 


M 

1V1 


1fl-10 
J.vrl7 


TTP 


TM APTTVF 


ft fidft 


XNUVJAllVxl 


UV^J 


iVl 


10-10 


TTP 
UL 


APTTVF 
AL llVC 


n ^19 


rUOlll Vri 




•p 
r 


10 10 


TTP 


ALllVll 


n aai 1 

U.U01 


INliwAllVli 


TTP7 
UL/ 


1V1 


^ O 


TTP 
UL 


A /~ v r , V\7T2 
ALUVd 


A OI 1 


rUoillVJti 


ttp» 


1V1 


in_io 


TTP 
UL 


ALilvxl 


ft iaa 

U.1U0 


KIT? a A TTVTT? 


TTPQ 


1V/T 
JYl 


in io 


TTP 
UL 


TMAPTTVP 
UNALllvIl 


A QAA 


rUolllVJti 


TTP1A 
UL1U 
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UC25 


F 


5-9 


UC 


ACTIVE 


0.072 
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UC26 


M 


10-19 


UC 


INACTIVE 


0.237 


POSITIVE 


UC27 


M 


10-19 


uc 


ACTIVE 


0.048 


NEGATIVE 


UC28 


M 


10-19 


UC 


ACTIVE 


0.049 


NEGATIVE 


UC29 


M 


10-19 


UC 


ACTIVE 


0.059 


NEGATIVE 


UC30 


F 


10-19 


UC 


INACTIVE 


0.047 


NEGATIVE 


UC31 


M 


10-19 


UC 


ACTIVE 


0.055 


NEGATIVE 


UC32 


M 


10-19 


UC 


INACTIVE 


0.044 


NEGATIVE 


UC33 


F 


10-19 


UC 


ACTIVE 


0.043 


NEGATIVE 


UC34 


M 


5-9 


UC 


ACTIVE 


0.046 


NEGATIVE 


UC35 


M 


10-18 


UC 


INACTIVE 


0.043 


NEGATIVE 


UC36 


M 


10-17 


UC 


INACTIVE 


0.040 


NEGATIVE 
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UC37 


F 


10-19 


UC 


ACTIVE 


0.047 


NEGATIVE 


UC38 


F 


04 


UC 


ACTIVE 


0.049 


NEGATIVE 


UC39 


F 


5-9 


UC 


INACTIVE 


0.363 


POSITIVE 


UC40 


F 


10-19 


UC 


INACTIVE 


0.046 


NEGATIVE 


UC41 


M 


10-19 


UC 


ACTIVE 


0.118 


NEGATIVE 


UC42 


F 


50-59 


UC 


ACTIVE 


0.230 


POSITIVE 


UC43 


M 


10-19 


UC 


ACTIVE 


0.051 


NEGATIVE 


UC44 


F 


30-39 


UC 


ACTIVE 


0.060 


NEGATIVE 


UC45 


F 


50-59 


UC 


ACTIVE 


0.465 


POSITIVE 


UC46 


M 


50-59 


UC 


ACTIVE 


0.274 


POSITIVE 


UC47 


F 


30-39 


UC 


ACTIVE 


0.141 


POSITIVE 


UC48 


M 


60-69 


UC 


ACTIVE 


0.184 


POSITIVE 


UC49 


F 


40-49 


UC 


ACTIVE 


0.397 


POSITIVE 


UC50 


F 


40-49 


UC 


ACTIVE 


0.337 


POSITIVE 


UC51 


M 


30-39 


UC 


ACTIVE 


0.143 


POSITIVE 



TABLE 37. Clinical and ELISA results for Crohn's disease patients. 



Patient ID 


Sex 


Age 


Disease 

. -.3 


Disease 
' Activity. 


ANCA-CHEK 
- OD^so < 


y?ANCA~ f 

CHEK 
Result 

- V . . t 


CD1 


M 


10-19 


CD 


ACTIVE 


0.050 


NEGATIVE 


CD2 


M 


10-19 


CD 


ACTIVE 


0.113 


NEGATIVE 


CD3 


M 


10-19 


CD 


ACTIVE 


0.050 


NEGATIVE 


CD4 


F 


10-19 


CD 


ACTIVE 


0.381 


POSITIVE 


CD5 


F 


10-19 


CD 


ACTIVE 


0.058 


NEGATIVE 


CD6 


M 


10-19 


CD 


INACTIVE 


0.068 


NEGATIVE 


CD7 


M 


10-19 


CD 


ACTIVE 


0.066 


NEGATIVE 


CD8 


M 


5-9 


CD 


ACTIVE 


0.059 


NEGATIVE 


CD9 


F 


10-19 


CD 


ACTIVE 


0.059 


NEGATIVE 


CD10 


F 


10-19 


CD 


ACTIVE 


0.065 


NEGATIVE 


CD11 


F 


10-19 


CD 


INACTIVE 


0.055 


NEGATIVE 


CD12 


M 


10-19 


CD 


INACTIVE 


0.071 


NEGATIVE 


CD13 


F 


10-19 


CD 


ACTIVE 


0.065 


NEGATIVE 


CD14 


M 


10-19 


CD 


ACTIVE 


0.098 


NEGATIVE 


CD15 


F 


10-19 


CD 


ACTIVE 


0.099 


NEGATIVE 


CD16 


M 


10-19 


CD 


ACTIVE 


0.166 


POSITIVE 


CD17 


F 


10-19 


CD 


ACTIVE 


0.147 


POSITIVE 


CD18 


M 


10-19 


CD 


ACTIVE 


0.057 


NEGATIVE 


CD19 


F 


10-19 


CD 


ACTIVE 


0.084 


NEGATIVE 


CD20 


M 


10-19 


CD 


ACTIVE 


0.053 


NEGATIVE 



WO 2004/037073 



-40- 



PCT/US2003/034094 



CD21 


F 


10-19 


CD 


ACTIVE 


0.074 


NEGATIVE 


CD22 


M 


10-19 


CD 


ACTIVE 


0.054 


NEGATIVE 


CD23 


M 


0-5 


CD 


ACTIVE 


0.055 


NEGATIVE 


CD24 


M 


10-19 


CD 


ACTIVE 


0.067 


NEGATIVE 


CD25 


M 


10-19 


CD 


ACTIVE 


0.099 


NEGATIVE 


CD26 


M 


5-9 


CD 


ACTIVE 


0.086 


NEGATIVE 


CD27 


F 


10-19 


CD 


ACTIVE 


0.043 


NEGATIVE 


CD28 


F 


10-19 


CD 


ACTIVE 


0.064 


NEGATIVE 


CD29 


M 


5-9 


CD 


INACTIVE 


0.039 


NEGATIVE 


CD30 


M 


10-19 


CD 


ACTIVE 


0.071 


NEGATIVE 


CD31 


F 


10-15 


CD 


ACTIVE 


0.109 


NEGATIVE 


CD32 


M 


10-19 


CD 


INACTIVE 


0.057 


NEGATIVE 


CD33 


M 


10-19 


CD 


ACTIVE 


0.141 


POSITIVE 


CD34 


M 


10-19 


CD 


INACTIVE 


0.045 


NEGATIVE 


CD35 


F 


10-19 


CD 


ACTIVE 


0.051 


NEGATIVE 


CD36 


F 


10-19 


CD 


ACTIVE 


0.132 


NEGATIVE 


CD37 


F 


10-19 


CD 


INACTIVE 


0.046 


NEGATIVE 


CD38 


M 


10-19 


CD 


ACTIVE 


0.057 


NEGATIVE 


CD39 


F 


20-29 


CD 


INACTIVE 


0.051 


NEGATIVE 


CD40 


F 


20-29 


CD 


ACTIVE 


0.053 


NEGATIVE 


CD41 


M 


50-59 


CD 


ACTIVE 


0.060 


NEGATIVE 


CD42 


F 


50-59 


CD 


ACTIVE 


0.062 


NEGATIVE 


CD43 


M 


20-29 


CD 


ACTIVE 


0.056 


NEGATIVE 


CD44 


F 


60-69 


CD 


ACTIVE 


0.130 


NEGATIVE 


CD45 


M 


60-69 


CD 


ACTIVE 


0.078 


NEGATIVE 


CD46 


F 


40-49 


CD 


ACTIVE 


0.116 


NEGATIVE 


CD47 


M 


60-69 


CD 


ACTIVE 


0.057 


NEGATIVE 



TABLE 38. Clinical and ELISA results for Irritable bowel syndrome 

patients. 



Patient ID 


Sex 


Age 
Range 


Disease 


ANCA-CHEK 
OD450 


ANCA-CHEK 
Results ,• 


rosi 


F 


10-19 


DBS 


0.056 


NEGATIVE 


BS2 


M 


10-19 


IBS 


0.047 


NEGATIVE 


ros3 


M 


5-9 


IBS 


0.099 


NEGATIVE 


ms4 


M 


10-19 


IBS 


0.068 


NEGATIVE 


mss 


M 


10-19 


IBS 


0.092 


NEGATIVE 


BS6 


F 


20-29 


IBS 


0.121 


NEGATIVE 


IBS7 


F 


30-39 


IBS 


0.064 


NEGATIVE 



WO 2004/037073 



PCT/US2003/034094 



-41- 

TABLE 39. Clinical and ELISA results for healthy persons. 



Subject ED 


Sex 


Age 
Range 


ANCA-CBEK 

OD450; 


ANCA-CHEK 
Results 


Dl 


F 


40-49 


0.087 


NEGATIVE 


D2 


M 


20-29 


0.078 


NEGATIVE 


D5 


M 


20-29 


0.178 


POSITIVE 


D15 


M 


50-59 


0.041 


NEGATIVE 


D17 


M 


50-59 


0.039 


NEGATIVE 


D18 


F 


40-49 


0.069 


NEGATIVE 


D19 


F 


60-69 


0.050 


NEGATIVE 


D20 


M 


70-79 


0.039 


NEGATIVE 


D21 


F 


70-79 


0.104 


NEGATIVE 


D22 


M 


60-69 


0.045 


NEGATIVE 


D24 


F 


50-59 


0.054 


NEGATIVE 



5 In summary, the present invention is directed to a method for the 

differentiation of inflammatory bowel disease (IBD) from irritable bowel disease 
(IBS) followed by distinguishing ulcerative colitis and Crohn's disease from 
other gastrointestinal illnesses. This highly differential method first uses the 
presence of elevated fecal lactoferrin as a marker of intestinal inflammation to 

10 differentiate IBD from IBS. Patients suspected of IBD are then analyzed for 
fecal onti-Saccharomyces cerevisiae antibodies (ASCA) as an indicator of 
Crohn's disease and fecal anti-neutrophil cytoplasmic antibodies (ANCA) as an 
indicator of ulcerative colitis. IBD patients are further monitored for intestinal 
inflammation using fecal lactoferrin to evaluate the effectiveness of medical 

15 therapy and predict relapse. The apparatus consists of either a qualitative 
enzyme-linked immunoassay or other immunoassay that utilizes antibodies 
specific to total endogenous lactoferrin, ASCA and ANCA in human feces. 

The method and apparatus may be used by healthcare providers to 
identify IBD and distinguish ulcerative colitis and Crohn's disease from other 

20 gastrointestinal illnesses. The present invention has been described in relation to 
particular embodiments, which are intended in all respects to be illustrative rather 
than restrictive. Alternative embodiments will become apparent to those skilled 
in the art to which the present invention pertains without departing from its 
scope. 
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From the foregoing, it will be seen that this invention is one well 
adapted to attain all the ends and objects hereinabove set forth together with other 
advantages which are obvious and which are inherent to the method. 

It will be understood that certain features and subcombinations are 
5 of utility and may be employed without reference to other features and 
subcombinations. This is contemplated by and is within the scope of the claims. 
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CLAIMS 

What the invention claimed is: 

1. A method for testing a sample from a person, the method 
comprising: obtaining a fecal sample from a person; determining whether 

5 lactoferrin is present in the sample; if so, determining whether and- 
Saccharomyces cerevisiae antibodies (ASCA) and anti-neutrophil cytoplasmic 
antibodies (ANCA) are present in the sample. 

2. The method of claim 1, wherein the presence of elevated 
lactoferrin is used to aid in the diagnosis of inflammatory bowel disease. 

10 3. The method of claim 2, wherein the absence of elevated 

lactoferrin is used to aid in the diagnosis of irritable bowel syndrome. 

4 The method of claim 3, wherein if the sample contains 
anti-neutrophil cytoplasmic antibodies, a diagnosis of ulcerative colitis may be 
substantially concluded. 

15 5. The method of claim 4, wherein if the sample contains 

mti-Saccharomyces cerevisiae antibodies a diagnosis of Crohn's disease may be 
substantially concluded. 

6. The method of claim 3, wherein the presence of anti- 
neutrophil cytoplasmic antibodies is used to aid in the differentiation of ulcerative 

20 colitis from Crohn's disease. 

7. The method of claim 4, wherein the presence of anti- 
Sacdiaromyces cerevisiae antibodies is used to aid in the differentiation of 
Crohn's disease from ulcerative colitis. 

8. The method of claim 1, wherein the lactoferrin, anti- 
25 Sacdiaromyces cerevisiae antibodies and anti-neutrophil cytoplasmic antibodies 

are measured using one of enzyme-linked immunoassays, lateral flow membrane 
tests and immunoassays utilizing antibodies or capturing fragments. 
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9. The method of claim 1 , wherein the presence of lactofeirin 
is measured determined by a qualitative ELIS A. 

10. The method of claim 1, wherein the presence of lactoferrin 
is measured quantitatively. 

5 11. The method of claim 1, further comprising: diluting the 

sample. 

12. The method of claim 11, further comprising: contacting 
the sample with immobilized polyclonal antibodies to endogenous lactoferrin to 
create a treated sample. 

10 13. The method of claim 12, further comprising: contacting 

said treated sample with enzyme-linked polyclonal antibodies to create a readable 
sample. 

14. The method of claim 13, further comprising: determining 
the optical density of said readable sample at 450 run. 

15 15. The method of claim 14, further comprising: generating a 

purified lactoferrin standard curve. 

16. The method of claim 15, further comprising: comparing 
said optical density of said readable sample to said standard curve to determine 
the concentration of endogenous lactoferrin in said the sample. 

20 17. The method of claim 11, further comprising: contacting 

the sample with antigens of Saccharomyces cerevisiae to create a treated sample. 

18. The method of claim 17, further comprising: contacting 
the treated sample with polyvalent antibodies to human immunoglobulin 
conjugated to an enzyme to create a readable sample. 



25 19. The method of claim 18, further comprising: determining 

the optical density of the readable sample. 
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20. The method of claim 11, further comprising: contacting 
the sample with neutrophil cytoplasmic antigens to create a treated sample. 

21. The method of claim 20, further comprising: contacting 
the treated sample with polyvalent antibodies to human immunoglobulin to create 

5 a readable sample. 

22. The method of claim 21, further comprising: determining 
an optical density of the readable sample at 450 nm. 

23. The method of claim 22, wherein the presence of anti- 
neutrophil cytoplasmic antibodies is used to aid in the differentiation of ulcerative 

10 colitis from Crohn's disease and other gastrointestinal illnesses. 

24. A method for distinguishing inflammatory bowel disease 
from irritable bowel syndrome and for differentiating ulcerative colitis from 
Crohn's disease, the method comprising: obtaining a sample from a person; 
determining whether lactoferrin is present in the sample; if so, determining anti- 

15 Saccharomyces cerevisiae antibodies (ASCA) and anti-neutrophil cytoplasmic 
antibodies (ANCA) are present in the sample, diagnosing the person with irritable 
bowel syndrome if elevated lactoferrin is not present in the sample; diagnosing 
the person with inflammatory bowel disease if lactoferrin is present in the 
sample; diagnosing the person with Crohn's disease if mti-Saccharomyces 

20 cerevisiae antibodies are present in the sample; and diagnosing the person with 
ulcerative colitis if anti-neutrophil cytoplasmic antibodies are present in the 
sample. 

25. The method of claim 24, wherein the sample is feces. 

26. The method of claim 24, wherein the sample is one of 
25 whole blood, serum, plasma, saliva, mucosal secretions, bodily fluid and bodily 

tissue. 

27. The method of claim 24, wherein if lactoferrin is present in 
the sample, monitoring the person for changing levels of lactoferrin as an 
indicator for the effectiveness of medical therapy. 
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28. A kit for testing a fecal sample from a person to be 
diagnosed, the kit comprising: a plurality of microassay plates, wherein at least 
one plate contains immobilized polyclonal antibodies to human lactoferrin, at 
least one plate contains neutrophil cytoplasmic antigens and at least one plate 

5 contains antigen of Saccliaromyces cerevisiae; enzyme-linked polyclonal 
antibody to human lactoferrin; polyvalent antibodies to human immunoglobulin; 
enzyme substrate for color development. 

29. The kit as recited in claim 28, further comprising: a stop 
solution for quenching the reaction. 
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Claims 1-27 are pending. 

Election/Restrictions 
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Claim Rejections - 35 USC § 112 

2. The following is a quotation of the first paragraph of 35 U.S. C. 1 12: 

The specification shall contain a written description of the invention, and of the manner and process of making 
and using it, in such full, clear, concise, and exact terms as to enable any person skilled in the art to which it 
pertains, or with which it is most nearly connected, to make and use the same and shall set forth the best mode 
contemplated by the inventor of carrying out his invention. 

3. Claims 1-27 are rejected under 35 U.S.C. 1 12, first paragraph, as failing to comply with 

the enablement requirement. The claim(s) contains subject matter which was not described in 

the specification in such a way as to enable one skilled in the art to which it pertains, or with 

which it is most nearly connected, to make and/or use the invention. Claim 1-3 are directed to the 

measurement of fecal lactoferrin in any person , including breast fed infants. In light of evidence 

provided by US Pat. 6,727,073 which teaches that "fecal lactoferrin found in breast-fed infants is 

not an effective indicator of an inflammatory intestinal condition, as the presence of lactoferrin 

from breast milk will lead to false positives." The instantly claimed methods that diagnose 

inflammatory bowel disease and irritable bowel syndrome in any person, even breast fed infants 

are not enabled for the claimed invention as the method would result in false positive results. 

The Wands factors to be considered: 

.the quantity of experimentation necessary: undue due to false positives resulting from 
fecal lactoferrin originating from sources other than inflammatory neutrophils/n breast fed 
infants and other types of lactoferrin associated diseases and disorders (see Levay et al, 1995, 
Table 7, page 262); 

.the amount of direction or guidance presented: does not provide guidance to exclude 
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false positive patients; 

.the presence or absence of working examples: there are working examples, but 
determination of lactoferrin in breast fed infants is not described/claimed in such a way as to 
differentiate between various inflammatory bowel diseases; 

.the nature of the invention: unpredictable in light of multiple sources of fecal lactoferrin 
can cause false positives in a patient; 

.the state of the prior art: still developing with respect to which markers clearly 
determine/distinguish various forms of inflammatory bowel disease (see Bossuyt (2006, who 
shows variability in the presentation of markers in patients with inflammatory bowel disease, see 
entire article, where control patients present with autoantibodies to neutrophic antigens (see 
Table 3, page 173; as well as ASCA healthy controls (see Table 4, page 175); Glaffer 1991 
teaches IgA anti-ASCA antibodies are increased while IgG antibodies to ASCA are not; Oshitani 
et al (2001) further show only IgG4 is increased and not IgGl, G2 and G3 are not increased in 
inflammatory bowel disease. 

.the relative skill of those in the art: high (immunoassay methods of determining an 
analyte); 

.the predictability or unpredictability of the art: unpredictable in light of false positives 
due to breast fed infants would evidence elevated fecal lactoferrin levels and Bossuyt showing 
negative control patients to present with autoantibodies to neutrophil antigens and 
Saccharomyces cerevisiae (see page 173, Table 3 and page 175, Table 4); 

.breadth of the claims: broad. 

4. The following is a quotation of the second paragraph of 35 U.S.C. 1 12: 

5. The specification shall conclude with one or more claims particularly pointing out and distinctly claiming the 
subject matter which the applicant regards as his invention. 

6. Claims 1-27 provides for the use of lactoferrin (see claim 1 "is present"; claims 2-3, 6-7, 
23 "is used"; claims 4-6 "may be"; 8-10: "are measured" , "is measured" etc.), but, since the 
claims do not set forth any active, positive steps delimiting how this use is actually practiced. 

7. Claims 17-19 and 20-22 recite method steps of adding antigens to the sample of claims 
1 1 and 1, but the methods of detecting anti-Saccharomyces cerevisiae antibodies and anti- 
neutrophil cytoplasmic antibodies are optionally set forth in claims 1 and 1 1 by the recitation "if 
so". The methods of claims 17-19 and 20-22 are optional methods steps to only be carried out 
when the lactoferrin level in the patient sample of claim 1 is positive, the samples of claims 17- 
22 are not defined to be positive, and therefore set forth a combination of claim limitations that 
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are only optionally carried out. The recitation of additional optional methods steps does not 
further limit the optional method of claims 1 and 1 1. The recitation of "further comprises" 
additional optional methods steps, does not set forth positively recited methods steps for the 
claimed methods. 

8. Claims 13-14 rejected under 35 U.S.C. 1 12, second paragraph, as being indefinite for 
failing to particularly point out and distinctly claim the subject matter which applicant regards as 
the invention. Claims 13-16 create a readable sample by contacting the treated sample with 
enzyme-linked polyclonal antibodies, but how the antibodies create the readable sample is not 
clearly nor distinctly claimed, in light of the critical and essential binding specificity of the 
polyclonal antibodies is not claimed. See In re Mayhew. 

9. Claims 13-14, 17-18 and 21-23 are rejected under 35 U.S.C. 112, second paragraph, as 
being incomplete for omitting essential elements, such omission amounting to a gap between the 
elements. See MPEP § 2172.01. The omitted elements are: 

10. the polyvalent antibodies to human immunoglobulin labeled with horseradish peroxidase 
added to a diluted fecal sample that is readable at 450 nm (claims 13-14 and 21-23). 

11. a substrate must be added to the fecal samples in order for the enzyme in the enzyme- 
linked immunoglobulin/antibody complex to generate an emission spectra which is then read. 
No substrates for the recite enzymes of claims 13-14, 17-18 and 21-23) have been added to the 
samples. 

12. The polyclonal antibodies of claims 21-23 do not comprise an enzyme and therefore 
what is readable in the treated sample is unclear and incomplete. The claims are incomplete by 
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omitting an essential enzyme/substrate for producing a readable sample. Additionally, claim 22 
determines an optical density at 450 nm, but no reagents or components in the fecal sample are 
positively recited as comprising an emission spectra of 450 nm in the diluted fecal sample. 
What components in the fecal sample are readable at 450 nm? An essential element is missing 
form the claim that would be readable at 450 nm. See In re Mayhew. 

13. Claims 13-14, 18-19 and 21-23 are rejected under 35 U.S.C. 1 12, second paragraph, as 
being incomplete for omitting essential steps, such omission amounting to a gap between the 
steps. See MPEP § 2172.01. The omitted steps are: forming antigen/antibody complexes 
specific to lactoferrin, Saccharomyces cerevisiae antigens and neutrophil cytoplasmic antigens 
and removing any non-specific human immunoglobulin not contained in the specific 
antigen/antibody complexes, adding anti-human immunoglobulin antibodies labeled with an 
enzyme; adding enzyme substrate to produce a readable sample. The methods as now claimed 
detect any human immunoglobulin that is readable and fecal samples are known to contain a 
plurality of immunoglobulins that are not directed to lactoferrin, Saccharomyces cerevisiae 
antigens and neutrophil cytoplasmic antigens . The methods as now claimed are not directed to 
specifically detected only those antibodies or human immunoglobulins that are antigen specific 
for the antigens recited in claim 1. 

14. Claims 15-16 recite the limitation "purified lactoferrin" in dependence upon claims 1,11- 
14. Claims 1, 1 1-14 do not recite any purification steps, and the only source of lactoferrin 
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recited in the claims is the fecal sample of claim 1, which may or may not contain lactoferrin. 
There is insufficient antecedent basis for this limitation in the claim 



Claim Rejections - 35 USC § 102 

15. The following is a quotation of the appropriate paragraphs of 35 U.S.C. 102 that form the 
basis for the rejections under this section made in this Office action: 

A person shall be entitled to a patent unless - 

(a) the invention was known or used by others in this country, or patented or described in a printed publication in this 
or a foreign country, before the invention thereof by the applicant for a patent. 

(b) the invention was patented or described in a printed publication in this or a foreign country or in public use or on 
sale in this country, more than one year prior to the date of application for patent in the United States. 

(e) the invention was described in (1) an application for patent, published under section 122(b), by another filed 
in the United States before the invention by the applicant for patent or (2) a patent granted on an application for 
patent by another filed in the United States before the invention by the applicant for patent, except that an 
international application filed under the treaty defined in section 351(a) shall have the effects for purposes of this 
subsection of an application filed in the United States only if the international application designated the United 
States and was published under Article 21(2) of such treaty in the English language. 

16. Claims 1,8-12, 13, 15 and 24-25 are rejected under 35 U.S.C. 102(b) as being anticipated 
by Guerrant et al (US Pat. 5,124,252). 

Instant claim 1 and 24: Guerrant et al disclose the instantly claimed invention directed to a 
method, the method comprising the steps of: 

17. obtaining a fecal sample from a person (see abstract); 

18. determining whether lactoferrin is present in the sample (three additional control 
specimens tested on 7 different occasions were all negative (see col. 3, lines 63-64). 

Instant claim 8-10: wherein the presence of lactoferrin is measured by ELISA (see col. 4, lines 
23-60, especially lines 30-31). 
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Instant claim ll:further comprising diluting the sample (see col. 2, lines 38-42 "mixed with an 
equal amount of 0.1% Triton-X". ) 

Instant claim 12: further comprising contacting the sample with immobilized polyclonal 
antibodies "Bacto-latex beads were coated with rabbit anti-human lactoferrin" and this latex bead 
suspension was added to "22 fecal specimens (see col. 4, lines 1-1 1), the endogenous lactoferrin 
being released by the leukocytes (see col. 4, lines 12-16 "children with diarrhea in the northeast 
of Brazil"). 

Instant claim 13: further comprising contacting said treated sample with enzyme liked 

polyclonal antibodies to create a readable sample (see col. 4, lines 42-44 "peroxidase 

conjugation", read both visually and spectrophotometically (see col. 4, line 49 and claim 4). 

While the reference is silent with respect to whether the rabbit antibodies are polyclonal or 

monoclonal antibodies, it is clear that the reference does not discuss nor describe the production 1 

of hybridoma and monoclonal production, therefore the antibodies are conventional rabbit sera 

that comprise polyclonal antibodies. 

Instant claim 15: further comprising generating a purified lactoferrin standard curve (see col. 4, 
lines 29-32, varying concentrations of lactoferrin were coated in the wells). The sensitivity of 
the assay was 0.001 ug/ml or less lactoferrin (see claim 4). Guerrant et al (US Pat. 5,124,252) 
anticipates the instantly claimed invention that does not require the claimed method to measure 
anything more than endogenous lactoferrin when the sample when the lactoferrin determination 
is considered negative in light of all the claims reciting the phrase "if so", which makes the 
following methods steps optional. Guerrant et al (US Pat. 5,124,252) anticipates the instantly 
claimed invention as now claimed. 
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19. Claims 1-3,1 1-12 and 24-26, 27 are rejected under 35 U.S.C. 102(b) as being anticipated 
by Fine et al (AJG, 1998). 

Instant claim 1-3 and 24-27: Fine et al disclose the instantly claimed invention directed to a 
method, the method comprising the steps of: 

20. obtaining a fecal sample from a person (see page 1301, col. 2, first two paragraphs); 

21 . determining whether lactoferrin is present in the sample (see page 1302, Table 1 
"Diagnoses in 92 Patients with a negative fecal lactoferrin Test", one patients test changed levels 
upon repeating the lactoferrin determination (see page 1302, Table 1, bottom of ledger narrative). 
The lactoferrin data was used to distinguish the patients that have inflammatory bowl disease or 
syndrome from those patients that have another bowl condition (see page 1302, Table 1). 
Instant claim ll:further comprising diluting the sample (see page 1301, col. 2, paragraph 3). 
Instant claim 12: further comprising contacting the sample with immobilized polyclonal 
antibodies latex beads were coated with rabbit anti-human lactoferrin, the endogenous lactoferrin 
is detected with the immobilized polyclonal antibodies. While the reference is silent with respect 
to whether the rabbit antibodies are polyclonal or monoclonal antibodies, it is clear that the 
reference does not discuss nor describe the production of hybridoma cell lines and monoclonal 
antibody production, therefore the antibodies are present in conventional rabbit sera that 
comprise polyclonal antibodies. 

Fine et al anticipates the instantly claimed invention that does not require the claimed 
method to measure anything more than endogenous lactoferrin when the sample when the 
lactoferrin determination is considered negative in light of all the claims reciting the phrase "if 
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so" which makes the following methods steps optional. Fine et al anticipates the instantly 
claimed invention as now claimed. 

22. Claims 24 and 26 are rejected under 35 U.S.C. 102(b) as being anticipated by Martins et 
al (1995). Martins et al disclose a method that comprises the step of : 

Obtaining a whole blood, saliva, sputum (mucosal secretion sample) and gingival swabs 
(bodily fluid) from a patient (see abstract); 

Determining whether lactoferrin is present in the sample (see abstract, negative for 
lactoferrin as an inflammatory marker in 7 individuals with healthy gums and teeth ; 4 
edentulous patients were negative (see Figure 1 and 2, page 764). Martins et al anticipates the 
instantly claimed invention as now claimed. 

Claim Rejections - 35 USC § 103 

23. The following is a quotation of 35 U.S.C. 103(a) which forms the basis for all 
obviousness rejections set forth in this Office action: 

(a) A patent may not be obtained though the invention is not identically disclosed or described as set forth in 
section 102 of this title, if the differences between the subject matter sought to be patented and the prior art are 
such that the subject matter as a whole would have been obvious at the time the invention was made to a person 
having ordinary skill in the art to which said subject matter pertains. Patentability shall not be negatived by the 
manner in which the invention was made. 

24. Claims 1-10, 24-26 are rejected under 35 U.S.C. 103(a) as being unpatentable over 
Nielsen et a! (2000) in view of Targan et al (1995) and Fine (PG-Pub 2001/0036639A1, filing 
date March 2, 2001). 

Nielson et al describe biological activity markers of Inflammatory Bowel Disease (see 
title, page 359), wherein the markers include fecal lactoferrin (see page 360, col. 2, paragraph 1), 
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and autoantibodies known as ANCA and ASCA (see page 361, col. 1-2). Nielson et al teach the 
methods step of : 

Obtaining a fecal sample from a patient and determining the presence of fecal lactoferrin 
(see page 360, col. 2, paragraph 1) in order to provide for both sensitive and bowel-specific 
markers of disease and further determining the presence or absence of ASCA and ANCA in the 
patient (see page 361, col. 1-2). 

Nielson et al teach the importance of assessing disease activity in inflammatory bowel 
disease (IBD), to include ulcerative colitis and Crohn's disease based upon clinical parameters 
and various biological disease markers (see page 359, col. 1, abstract, first sentence), but differs 
from the instantly claimed invention by failing to determine ANCA and ASCA in the fecal 
sample. 

Targan et al (1995) teach ANCA antibodies are presenting mucosal lesions of the 

bowel (whole abstract; and page 3266, col. 2, paragraph l) in ulcerative colitis patients (non-serum samples, see 
table II, page 3265; p3264, Figure 1 , Table I ; diluted 1 :2 (see page 3264, Results section, first paragraph) in an analogous 

art for the purpose of quantitatively (see Table l, page 3264, col. 5) defining pANCA production is a 
consequence of a mucosal immune response associated with ulcerative colitis (full last sentence of 
abstract; Fig. l, p 3264). Fine et al (20010036639) teach a method of measuring fecal antibodies 
directed to Saccharomyces cervesiae (ASCA) (see claims 1,19-21 and 43; [0054]) in an 
analogous art for the purpose of determining the presence of antibodies associated with diseases 
or disorders of the bowel, to include diagnosis of irritable bowel syndrome (see page 3, [0020] 
and [0015; 0018, entire paragraph, as well as second half of paragraph, "diarrhea" ]). 
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It would have been obvious to the person of ordinary skill in the art at the time the 
invention was made to measure fecal lactoferrin, ANCA and ASCA in a patient fecal sample 
because Nielson et al teach biological markers associated with inflammatory bowel disease, and 
teach fecal lactoferrin, as well as ANCA and ASCA to provide insight into disease activity 
associated with inflammatory bowel disease (see Nielsen et al, abstract, page 360, col. 2, p.l and 
page 361, col. 1-2) and Targan et al and Fine et al teach the presence of ANCA and ASCA 
markers, respectively, are present in fecal/mucosal bowel samples and could be measured in the 
patient fecal sample along with the fecal lactoferrin determination. The person of ordinary skill 
in the art would have been motivated to determine fecal lactoferrin, along with fecal ANCA and 
ASCA markers because Nielsen et al teach that the lactoferrin is a measure of active bowel 
disease and measurement of ANCA and ASCA provide for differential diagnosis of the patient's 
type of inflammatory bowel disease (see Nielsen et al, page 361, col. 2, paragraph 3). 

In the absence of a showing of unexpected results, the person of ordinary skill in the art 
would have been motivated by the reasonable expectation of success of determining the presence 
or absence of inflammatory bowel disease (see page 360, col. 1, p. 1) by determining the fecal 
lactoferrin test, a marker for active bowel inflammatory disease, as taught by Nielsen et al, and if 
positive, further determining the presence and amount of ANCA and ASCA antibodies in the 
fecal sample because Nielsen et al teach that the "combined measurement of pANCA and ASCA 
may be used advantageously in the sub-classification of IBD patients with indeterminate colitis. 
Both antibody specificities are measured by traditional quantitative solid phase immunosorbent 
assays, and they are highly specific (>90%) for both UC and CD with disease sensitivity around 
50% in both cases (see Nielsen et al, page 361, col. 2, paragraph 3)." 
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Nielsen et al in view of Targen et al and Fine et al obviate the instantly claimed invention 



25. The prior art made of record and not relied upon is considered pertinent to applicant's 
disclosure. US005552292A is cited to show fecal lactoferrin as a marker for colorectal cancer 
(abstract). 

26. Kayazawa et al (Feb. 2002) is cited to show measurement of lactoferrin in whole gut 
lavage fluid as a marker for disease activity in inflammatory bowel disease. 

27. Peen et al (1993) is cited to show anti-lactoferrin antibodies and other types of ANCA in 
ulcerative colitis, PSC and Crohn's diseases. 

28. Saitoh et al (page 3518) is cited to show fecal lactoferrin to be a useful marker for the 
presence of minimal intestinal inflammatorion in UC and CD, and elevated in almost all patients 
with active UC, indicating that bleeding and mucosal neutrophil infiltration are common features 
of all patients with UC. 

29. Tribble et al (2001) is cited to show the measurement of stool lactoferrin as a marker for 
intestinal inflammation (see abstract and page 463, col. 2). 

Any inquiry concerning this communication or earlier communications from the 
examiner should be directed to Ginny Portner whose telephone number is (571) 272-0862. The 
examiner can normally be reached on flextime, but usually M-F, alternate Fridays off. 

If attempts to reach the examiner by telephone are unsuccessful, the examiner's 
supervisor, Jeffrey Siew can be reached on (571) 272-0787. The fax phone number for the 
organization where this application or proceeding is assigned is 571-273-8300. 

Information regarding the status of an application may be obtained from the Patent 
Application Information Retrieval (PAIR) system. Status information for published applications 
may be obtained from either Private PAIR or Public PAIR. Status information for unpublished 
applications is available through Private PAIR only. For more information about the PAIR 
system, see http://pair-direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll-free). If you would 
like assistance from a USPTO Customer Service Representative or access to the automated 
information system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000. 
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DOCUMENT -IDENTIFIER : US 20020168698 Al 

TITLE: Method for differentiating irritable bowel syndrome from inflammatory bowel 
disease (IBD) and for monitoring persons with IBD using total endogenous 
lactoferrin as a marker 



1. A method for distinguishing irritable bowel syndrome from inflammatory bowel 
disease, the method comprising: obtaining a fecal sample from a person to be 
diagnosed; and determining whether said sample contains an elevated level of 
endogenous lactoferrin, wherein if said sample does contain an elevated level of 
endogenous lactoferrin, diagnoses of irritable bowel syndrome and other 
noninflammatory etiologies are substantially precluded. 

2. The method as recited in claim 1, further comprising diluting said fecal sample. 



3. The method as recited in claim 2, wherein said step of diluting said fecal 
sample comprises diluting said sample to a 1:400 dilution factor. 

4. The method as recited in claim 1, wherein said endogenous lactoferrin comprises 
total lactoferrin from one or more of plasma, bile, leukocytes and mucosal 
secretions . 

5. The method as recited in claim 1, wherein said endogenous lactoferrin is 
qualitatively determined. 

6. The method as recited in claim 1, wherein said step of determining whether said 
sample contains an elevated level of endogenous lactoferrin includes contacting 
said sample with immobilized polyclonal antibodies to human lactoferrin to create a 
treated sample. 

7. The method as recited in claim 6, wherein said step of determining whether said 
sample contains an elevated level of endogenous lactoferrin further includes 
contacting said treated sample with enzyme -linked polyclonal antibodies to create a 
readable sample. 

8. The method as recited in claim 7, wherein said step of determining whether said 
sample contains an elevated level of endogenous lactoferrin further includes 
determining an optical density of said readable sample at 450 nm, wherein said 
optical density corresponds to a level of endogenous lactoferrin in the sample. 

9. The method as recited in claim 8, wherein if said optical density of said 
readable sample is greater than 0.200, said fecal sample contains an elevated level 
of endogenous lactoferrin . 

10. An assay for determining the concentration of endogenous lactoferrin, said 
assay comprising: obtaining a human fecal sample; diluting said fecal sample; 
contacting said sample with immobilized polyclonal antibodies to endogenous 
lactoferrin to create a treated sample; contacting said treated sample with enzyme - 
linked polyclonal antibodies to create a readable sample; determining the optical 
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density of said readable sample at 450 nm; generating a purified lactoferrin 
standard curve; and comparing said optical density of said readable sample to said 
standard curve to determine the concentration of endogenous lactoferrin in said 
fecal sample. 

11. The assay as recited in claim 10, wherein said step of diluting said fecal 
sample comprises diluting said sample by serial ten-fold dilutions. 

12. A diagnostic assay for differentiating irritable bowel syndrome from 
inflammatory bowel disease by determining the level of endogenous lactoferrin, said 
assay comprising: obtaining a human fecal sample; diluting said sample; contacting 
said sample with immobilized polyclonal antibodies to endogenous lactoferrin to 
create a treated sample; contacting said treated sample with enzyme -linked 
polyclonal antibodies to create a readable sample; and determining the optical 
density of said readable sample at 450 nm to determine whether said readable sample 
contains an elevated level of endogenous lactoferrin as compared to a reference 
value for healthy control subjects. 

14. The diagnostic assay as recited in claim 13, wherein if said optical density of 
said readable sample is greater than or equal to 0.200, said fecal sample contains 
an elevated level of endogenous lactoferrin as compared to a reference value for 
healthy control subjects. 

17. A kit for distinguishing irritable bowel syndrome from inflammatory bowel 
disease by testing a fecal sample from a person to be diagnosed, the kit 
comprising: one or more microassay plates, each said plate containing immobilized 
polyclonal antibodies to human lactoferrin; enzyme-linked polyclonal antibody to 
human lactoferrin; and enzyme substrate for color development. 

20 * A' method for monitoring a patient having inflammatory bowel disease, the method 
comprising: obtaining a first fecal sample from the inflammatory bowel disease 
patient at a first time; determining the concentration of endogenous lactoferrin in 
said first fecal sample to obtain a first lactoferrin concentration; obtaining a 
second fecal sample from the inflammatory bowel disease patient at a second time 
later than said first time; determining the concentration of endogenous lactoferrin 
in said second sample to obtain a second lactoferrin concentration; and comparing 
said first lactoferrin concentration to said second lactoferrin concentration to 
evaluate any differences therebetween. 
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IgG subclasses of anti Saccharomyces cerevisiae antibody in 
inflammatory bowel disease 



N. Oshitani, F. Hato t Y. Jinno, Y. Sawa, S. Nakamura, T. Matsumoto, S. Seki, S. Kitagawa and 
T. Arakawa 

Osaka City University Medical School, Osaka, Japan 



Background Elevation of serum anti Saccharomyces cerevisiae antibody (ASCA) has been 
reported, in patients with Crohn's disease. We analysed the subclasses of Immunoglobulin 
(Ig) G reaction in ASCA in sera from patients with inflammatory bowel disease, healthy 
controls, and patients with intestinal Behcet's disease. 

Materials and methods Serum samples were obtained from 29 patients with Crohn's 
disease, 30 patients with ulcerative colitis, 7 patients with intestinal Behcet's disease, and 1 2 
healthy controls. Serum IgG subclasses IgGl, IgG2, IgG3, and IgG4 of ASCA were 
analysed using EUSA. 

Results IgG4 ASCA was significantly increased in patients with inflammatory bowel 
disease. In patients with intestinal Behcet's disease, IgGl, IgG3, and IgG4 ASCA were 
increased. 

Conclusions Differential responses, in terms of subclasses in ASCA, were found in 
patients with inflammatory bowel disease and patients with intestinal Behcet's 
disease, which may represent different pathophysiologies of these intestinal inflammatory 
diseases. 

Keywords ASCA, Crohn's disease, immunoglobulin, Saccharomyces cerevisiae 
EurJCUn Invest 2001; 31(3): 22! -225 



Introduction 

Immunological disorders are involved, concurrently influ- 
enced by genetic predisposition, in the pathogenesis of 
ulcerative colitis (UC)* and Crohn's disease (CD). How- 
ever, the etiology of the disease is yet to be resolved. 
Abnormal immunological responses against diet antigens 
have been reported in patients with inflammatory bowel 
disease (IBD) [1-4|, and food allergy may be contributed 
to the pathogenesis of IBD. Recently, increased serum 
titers of Immunoglobulin (Ig)G and IgA anti Sacchar- 
omyces cerevisiae antibody (ASCA) in patients with CD 
have been reported [5-8|. A combination of ASCA and 
perinuclear antineuorophil cytoplasmic antibody (p-ANCA) 
might be valuable in the differential diagnosis of patients with 
CD and UC [9J. As S. cerevisiae strains are widely used in 
baking and brewery, and elimination of yeast from diet may 

Correspondence to: Dr Oshitani, Third Department of Internal 
Medicine, Osaka City University Medical School, 1-4-3, asahi- 
mochi, abenc-ku, Osaka 545-8585. Japan. 
Tel: + 81 6 6645 3811; fax: + 81 -6-6645-3813. 

Received 16 May 2000; accepted 5 November 2000 



have beneficial effects in the activity of CD [101, the 
pathogenetic role of ASCA in patients with CD is unknown. 

Heterogeneous reactions of IgG subclasses have been 
reported that may depend on various conditions such as 
reaction to food antigen, to infectious agents, or auto- 
immune response (reviewed in [11]). Therefore, analysis 
of IgG subclass reactions may provide further information 
to the pathogenesis of ASCA generation in inflammatory 
diseases of the intestine. 

Behcet's disease is a multi-system inflammatory disease, 
of unknown etiology, which is characterized by muco- 
cutaneous, ocular, articular, vascular, gastorintestinal, and 
neurologic involvement. The prevalence of the Behcet's 
disease is higher in the Silk Road countries, and a high 
frequency of gastrointestinal involvement has been 
reported in Japanese patients [12|. G astrockes tin a 1 lesions 
in both Crohn's diasease and intestinal Behcet's disease 
often develop in the ileocecal region. 

We studied the IgG subclasses of ASCA in patients with 
IBD, patients with intestinal Behcet's disease, and in 
healthy controls, to compare whether there is any different 
reactivity concerning IgG subclasses of ASCA among 
these subjects. 
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Patients and methods 

Detection of serum ASCA by enzyme linked 
immunosorbent assay (EUSA) 

Sera were obtained from 29 patients with UC (17 females, 
12 males; mean age 35 years; range 20-55 years), 30 
patients with CD (15 females, 15 males; mean age 
32 years; range 18-67 years), 7 patients with Behcet's 
disease having intestinal involvement, either ileum or 
colon, or both (2 females, 5 males; mean age 36 years; 
range 16-53 years), and 12 healthy volunteers as controls 
(6 females, 6 males; mean age 32 years; range 25- 
51 years). Diagnosis of IBD was confirmed by clinical 
features and radiological, endoscopic, and histological 
features [131. Diagnosis of Behcet's disease was performed 
according to the diagnostic criteria by the International 
Study Group for Behcet's Disease [14). There were 9 total 
colitis and 20 left-sided colitis diagnoses in the 29 patients 
with UC, 10 were active and 19 were in remission. Nine 
patients with UC were taking steroids, and 23 were taking 
either sulphasalazine or 5-aminosalicylate derivatives. Of 
30 patients with CD, 6 patients had small bowel 
involvement, 14 had small and large bowel involvement, 
and 10 had large bowel involvement only. Eight patients 
were taking steroids, and 1 6 patients were receiving dietary 
therapy at the study centre. 

A 100 g sample of wet S. urevisiae ceUs (bakers' yeast, 
Oriental Yeast, Tokyo, Japan) was washed and re- 
suspended in sterile 0»15 M saline and heated at 100 °C 
for 1 h. It was then centrifuged at 2000 g for 10 min. The 
supernatant was removed and filtered (0-22 /im millipore). 
The extract was diluted in 0 05 m carbonate-bicarbonate 
buffer (pH 9 6) at a concentration of lO/igmL"* 1 , 
determined by optical absorption measurement at 280 
and 260 nm [15). 

Each of microliter plates (Multi Well Plate for EUSA, 
Sumitomo Bakelite Co. Ltd., Tokyo, lapan) were coated 
with 100 /iL of 5. urevisiae extract at 37 °C for 1 h, then 
overnight at room temperature. The wells were washed 
three times with 0 0 1 m phosphate buffered saline 
(pH 7-3) with 0 01% Triton X-100 (PBS-T). Test sera 
were diluted 1 : 100 in 0 01 m PBS containing 01% 
bovine serum albumin, and assayed in duplicate. Diluted 
sera samples were applied 100 /*L pr- •••ell and incubated 
at 37 Q C for I h. The wells were washed three times with 
0 01 m PBS-T. A 100 /*L sample per well of peroxidase 
conjugated mouse monoclonal antibodies to human IgG 
subclasses (IgGI, done HP6070; IgG2, clone HP6014; 
IgG3, clone HP6047; IgG4, clone HP6023; Caltag 
Laboratories, Buriingame, CA, USA) were applied at a 
concenn-ation of 1 : 1000 dilution in 0 01 M PBS contain- 
ing0 l% bovine serum albumin at 37 °C for 1 h. This was 
followed by three washes in 0 01 M PBS-T The peroxidase 
substrate solution was freshly prepared; o-phenylendi- 
amine (400 /ig mL" 1 ) in 0-2 m phosphate-citrate buffer, 
pH 5 0, containing 0 02% H202. The colour reaction was 
terminated with 100 n L per well 4 M H2S04, and the 
optical absorbance of each well was measured at 492 nm. 



Antibody binding was expressed by binding index (BI) 
calculated as foUows: (A492nm (test serum) - A492nm 
(background)}/{A492nm (reference negative) - A492nm 
(background)} (6). 



Statistical analysis 

Results were expressed as median (25th, 75th percentiles) 
and analysed by one-way analysis of variance with 
Bonferroni's correction. Differences were considered to 
be significant when the P- value was less than 0-05. 

The study was approved by the Local Ethical Commit- 
tee, Osaka City University Medical School, Osaka, Japan. 



Results 
BI of ASCA 

IgGI BI of ASCA (Fig. i) was: 0-95 (0 66, 1-47) in 
healthy controls; 1-27 (0-71, 1-83) in patients with UQ 
1-73 (0-85, 2-32) in patients with CD; and 3-00 (2-28, 
8-88) in patients with intestinal Behcet's disease. IgGI BI 
of ASCA was significantly increased in patients with 
intestinal Behcet's disease compared with healthy controls, 
patients with UC, and patients with CD. There were no 
statistical differences between IgG2 BI of ASCA between 
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Figure I Binding index (BI) of IgGI ASCA. IgGI BI was 
signincantJy increased in patients with intestinal Behcet's disease 
compared with healthy controls, UC, and CD. UC, ulcerative 
colitis; CD, Crohn's disease; Behcet, intestinal Behcet*! disease; 
BI. binding index. Ban show the 1 0th and 90th percentiles. Circle 
show data points below the 10th percentile and above the 90th 
percentile. 
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healthy controls, patients with UC, patients with CD, and 
patients with intestinal Behcet's disease (Table I). 

IgG3 BI of ASCA (Fig. 2) was: 0-67 ( 0-30, I - 13) in 
healthy controls; 1-20 (0-74, 1-77) in patients with UC; 
0-90 (0 50, 1-25) in patients with CD; and 1-50 (1-50, 
3-20) in patients with intestinal Behcet's disease. IgG3 BI 
of ASCA was significantly increased in patients with 
intestinal Behcet's disease compared with healthy controls, 
patients with UC, and patients with CD. 

IgG4 BI of ASCA (Fig. 3) was: 114 (0-93, 119) in 
healthy controls; 2-83 (2*00, 3-51) in patients with UC; 
2 00 (1-16, 2-88) in patients with CD; and 4-34 (100, 
7-25) in patients with intestinal Behcet's disease. IgG4 BI 
of ASCA was significantly increased in patients with UC, 
patients with CD, and patients with intestinal Behcet's 
disease compared with healthy controls. It was signifi- 
cantly increased in patients with intestinal Behcet's disease 
compared with patients with UC, and patients with CD. 

Patients taking sutphasalazine or 5-amino sarycilate had 
significantly lower IgG3 BI but not in other subclasses; 
IgG3 BI was 2 00 (1-41, 2-31) in patients with UC not 
taking sulphasaiazine or 5-aminisarycilate, and it was 101 
(0-71, 1-30) in patients with UC taking the drug 
(P = 0 0484). IgG3 BI was 100 (0-73, 1-78) in patients 
with CD not taking sutphasalazine or 5-aminisalycilate, 
and it was 0-75 (0- 1 6, 1 -20) in patients with CD taking the 
drug (P = 0 04). CD patients with small bowel involve- 
ment (with or without large bowel involvement) had 
significantly higher IgG3 BI than patients only affected in 
the large bowel: IgG3 BI was 1-09 (0-71, 1-50) in patients 
with small bowel involvement, and 0.500 (.06-81) in 
patients with large bowel involvement (P= 0 0135). Age, 
gender, activity of the disease, extent of the disease in UC 
(left-sided or total colitis), and whether in receipt of 
dietary therapy or not in patients with CD did not affect 
any of the ASCA tested. 



Discussion 

Increased titers of serum IgG ASCA were found in 
patients with CD compared with patients with UC and 

Table I Changes in IgG subclass in various conditions 
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Figure 2 Binding index (BI) of IgG3 ASCA. lgG3 BI was 
significantly increased in patients with intestinal Behcet's disease 
compared with healthy controls, UC, and CD. 

healthy controls [5-9], However, antigenic heterogeneity 
in terms of ASCA reactivity has been reported [16). 
Increased serum ASCA is characteristic, although not 
pathognomonic, in patients with CD, and conflicting 
results have been reported of IgG ASCA titers in patients 
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* Median values of ASCA binding index. 



Figure 3 Binding index (B!) of IgG4 ASCA. IgG4 BI was 
significantly increased in patients with UC and CD compared 
whh healthy control*, and it was significantly increased in patients 
with intestinal Behcet's disease compared with healthy controls, 
UC and CD. 
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with celiac disease (6,7,171. We compared ASCA titers 
of patients with intestinal Behcet's disease as a disease 
control. In our study, differential elevation of IgG 
subclasses were found in patients with IBD and intestinal 
Behcet's disease. Interestingly, only IgG4 ASCA was 
significantly elevated in patients with IBD. IgGl, IgG3 
and IgG4 ASCA were significantly elevated in patients 
with intestinal Behcet's disease. 

IgG ASCA has been shown to be elevated in CD 
patients with small bowel involvement (7,9). Meanwhile, 
Ruemmele et al, (17) showed that patients with CD limited 
to the colon tended to have lower IgG ASCA compared 
with others with CD, but did not reach significant 
differences. Such discrepancies could be explained by 
differential reactivities against strains of S. cerevisiae 
[7,16,17). In this study, we found elevation of IgG3 
ASCA in CD patients with small bowel involvement 
compared with the patients with only large bowel 
invotvemant. 

Differential biological properties of IgG subclasses have 
been reviewed (11 J. IgGl and IgG3 had strong comple- 
ment binding activity but IgG2 and IgG4 did not (or 
poorly) fix complement. IgG3 had a shorter half life and 
higher fractional catabolic rate than other subclasses. 
Chronic inflammatory states are often associated with 
serum IgG4 elevation [11]. Elevation of serum IgGl/IgG2 
ratio in patients with UC compared with CD may reflect 
autoimmune disorder rather than response to infectious or 
stimulatory agents in patients with UC (18,19). IgGl 
subdass was the predominant fraction of IgG reactive 
against tropomyosins, which was spontaneously produced 
by lamina propria mononuclear cells from UC mucosa 
(20). On the other hand, IgG4 antibodies were most 
frequently detected in sera from patients with UC in 
subclass studies of anticolon antibody (21). IgGl and 
IgG3 were the predominant subclasses of p-ANCA in 
patients with UC (22,23), in contrast to relatively high 
concentrations of IgG4 subclass in vasculitis-associated 
ANCAs (23). IgGl antiendothetial antibody levels were 
increased, but IgG2 and IgG4 antiendothelial antibody 
were decreased in CD compared to UC (24). Scibold et al. 
(25) reported that IgGl and IgG2 were predominant 
in subtype I, and IgG2 was predominant in subtype II anti 
pancreatic antibodies in CD. So-called Thl CD4 + T 
cells induced lgG2 and IgG3 pi eduction, while 
Th2 CD4 + T cells helped produce IgGl class antibody, 
and altered Thl/Th2 balance may lead to autoimmunity in 
various autoimmune experimental models [26). 

In terms of serum antibodies reactive with dietary 
protein antigens, most of such antibodies included IgG4 
subclass |27,28|. Elevation of IgG4 ASCA in patients with 
IBD may reflect chronic immunological reactivity against 
dietary antigens or suggests chronic stimulation by luminal 
or colonic epithelial antigens (21 1. IgGl, IgG3 and IgG4 
elevation of ASCA in intestinal Behcet's disease may 
reflect rather complex autoimmune responses that result 
from chronic inflammatory states. 

Favourable effects of a yeast-excluded diet in CD may 
indicate the importance of yeast in the pathogenesis of CD 



(10). Peripheral lymphocytes from healthy controls that 
included three bakers (highly exposed to baker's yeast) did 
not proliferate, but peripheral lymphocytes from patients 
with CD proliferated in response to baker's yeast implies 
participation of genetic factor in humoral response against 
S. cerevisiae [29|. They also found the absence of 
proliferation by yeast stimulation in CD patients receiving 
olsatazine maintenance therapy (29), which was consistent 
with our finding with IgG 3 ASCA. 

The etiological role of 5. cerevisiae or ASCA remains 
unclear. Reduction of ASCA titers after intestinal resec- 
tion in pediatric CD (17) suggests a humoral immune 
response to a luminal antigen across a disrupted mucosal 
barrier. However, 5. cerevisiae alone could not be patho- 
genic hut cross reactivity to various mannose-containing 
molecules may induce a hypersensitivity reaction (10|. 

In conclusion, elevation of IgG4 ASCA in patients with 
IBD represents the presence of chronic yeast stimulation 
in the pathophysiology of IBD, while IgGl, IgG3, and 
lgG4 elevation in patients with intestinal Behcet's disease 
demonstrates complex immunoresponces involved in this 
disease (Table 1). 
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UWf INTRAEPITHELIAL LYMPHOCYTES IN MALNUTRITION 
WTM OIARDIA.OR STRONOYLOIOES STERCORALS 

0. Ooftdro* . P. Walter. C. Dupont . D. Richard-Lonobio. 
Mea St Vlncont da Paul, Paris. France and CUSS. 
Ubfovtllo, Gabon. ^ a 

! |fttmQpItt»©nal lymphocytes (IEL) sand slgA B cells are 
eodueod In Intootlnal mucosa \ of children with 
arotGtoGRQrey malnutrition (PEM), In Gabon. Central 
Africa, dlQrrhoo lo oboorvad In all malnourished 
ehlldron Infoctod by Glardla Intostlnalis or 
StmfiWWfao Qtorcoralte. whereas asymptomatic 
eQf?lQ0O ©J thODQ parasites Is common In eutrophtc 
efflWron ef tho oame age. 

IntosUnal mucosa biopsy was performed in 15 african 
Ohlldron oged 11 to 34 months (mean 20.2) with PEM 
(moan weight 3.7 SO under standards) hospitalized for 
chrenle diarrhea. Glordla trophozoites were found in 
duodenal Julco of S Infants, larvae of Strongyloses 
OtomrsJIo In 4. and no parasites In 3 , confirmed by 
otool onamlnatlon. Severe mucosal atrophy was 
observed In oil cases. I EL were always under the 
; utartdordo In normal european children or adults (9.5 to 
•i 40 IEL tor 100 epithelial cells ior C. Anderson). Means 
. woro 8.1% in Glardia infected children. B.05% in 
Strongyloses starcoralis. and 7.9% in unparasitized 
and malnourished children. The rise ol IEL after 
' parasitic Infecttons commonly observed In Europe, is 
not found in PEM, The pathogenicity of parasites more 
Important In PEM is possibly in relation with the 
reduction of Immunity In intostinal mucosa. 



OIWT£«U2UKlw-l* ( IL-10) ACTIVITY IN PATIEMT9 WITH 
ULCERATIVE COLITIS fUM .P.Qlonchntt^H.Coiaplorl , 
«,BoHw":i f H.Forrottl, P.BoniO, 

C.Brinnolo.P.Ionnono, n.Molloli. L.Borboro. 
lot.CUn&co Rodlco o Oootroontorologlo, 
OLob.Controllaootoi Pollcllnlco B.Oroolo, 

Dolegno-IUolv. 

IL-io o cvtofclno producod br aocrophogoo ond 
©thor eollo, hoo a oojor rolo in io» looiaotory 
one Accunolegleol rooponooa. Incrooood lovolo of 
IL-1 ocfcAvifcy novo boon roportod in onporipontol 
colUlo ond in patlonto alth oetlvo Crohn'o 
(a&oooao (CP) ond UC. IL-lp roloooo fro« frooh 
onfl cultured colonic biopoioo ond IL-1B ooruo 
ccnccntrotiono noro dotoroinod in 13 pto with 
oetivo UC 0 is with UC in roaioolo* ond iO noroal 
ecntrol ou&Jocto.Blopoloo Motion at colonoocopy, 
.. fcoro eoigfcod, caoohod in iol of 9U oedluo 
chler&flo ooluticn ond then cultured for *o hro 
in EOH fotol coif ooruo/RPWI. IL-iP 
oefclvS&v ooo dotoroinod bv CUBA KIT ICyotron 
Qlotocfcft@lcgv> in ploooo oooploo, in tho woohlng 
oo&ufc&ea ond in tho ineubotion oodluo. vory low 
lovolo af IL-IO woro dotoetod only in 3 ploooo 
oooplooo oil froa oetlvo potloMo.Blonlf icontlv 
coro IL-iD ooo rolooood froo frooh ond cultured 
colea&e caicooo obtolnod froo potionto with UC in 
rooiooiwio ecaporod »lth norool oucooo 
(p<0.01>.Purthorcoro a oeocioono froo octivo UC 
rolooocd oloniflcontly <=oro 1L-IB then thooa 
frca potionto in rcoiooien |p<O.Oi). 

Frooh tloouo Citturod tioouo 
Ccntrwlo CIO) 37 I1B) 66 

Activo UC 119) BIO (lib} 12^0 <613l 

Inoctivo UC (161 92 4 39) 020 1 106) 

in cencluolon,lL-lB octivily io only .-oroly 
found in ploooo, ovon in octivo UC| colonic 
cucoool IL-1B roloooo io oionlficont ly incrooood 
in potionto with UC.corrolotoo caith diooooo 
octivity* onr ooy ploy on ioportont rolo in 
oodiotine tho infloaootorv roooonoo. 
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MfnnODIEB ACAIM5T SACCHftRQfflCCT CKREVTBIAg (BAKEl'B 0 
JWTWR'B YWvT?) IM imrnm'fl ni^aKK. M H Cioffor, A ClO^ • 
C 0 ltol&*2>rth. ftoyol ltell*sBaahlro Kropltal, cxoncop teafl, 

sjofeiow sio. 

A Iccol intootlnal iCTQJfta paopw 100 to oo yat unldantiKlGfii 
onti^anto) reoultiitg In tleauz fifiwage anS graraloma 
forratlon hao bsan guq^ted os a possible rachanlBn ox 
tlasua Injury In Crohn' o disease. Both dietary artf 
bscterlol antl93na haw tean Implicated. It has taen 
ousted that antlbodleo to ^^^0°^^^^^ 
(bater'o/brear'o yesot) are sparine to crchn'o dlcaoco^ 
ojbS coy ploy o olgnie leant role in the pathojaftaoio of thio 
oandltton. havo therefore ooceocad tha prevoleroo eS 
lcC and l^A ontltadloo c^lnot B.carovioloQ In patlonto 
oith InfloRRatory bossl dlcaooe. forty niita patlonto tAth 
Crolrt'D disaaor, OJ «lth ulosrativa colitlo, 14 with 
coalicc dlsaace ond 20 teolthy oontrolo taro CJtudied, 
Coftsd carva ca^leo tare tested ?or 1«C and lgft entlhodieo 
to three S.carevloioe strains (KCYC 77, KCK 79 artdKCVC 
1108) ooirtg o csraltivQ BJSA technlqus. tha antibody 
reoptmaeo a$alnot all three yeaot otralna tare stellar, 
lac tit res tare significantly raissd In patients with 
Crohn's disease* (eaan 0.51 ♦ 0.051 and thooa tAth 
coellcc dloaaca (0.55 ♦ 0.09T both levels being 
olgnlflcantly different from thoao In ulcarotlve colitlo 
(0.23 ♦ 0.04) # P^O.0001) ond healthy controls (0.1B * 
0.03),"P^0.0001lT the olgntf leant litereace in W levolo 
too, hcaaver, confined to patients with Crohn^s dloeaco. 
Disease location Influanced IgO rooponces far patlonto with 
orall btftal disease have olgnlflcantly hitfear antibody 
tit res than those with colonic disease. Althrwtf* o 
difference In igA levels olso ealcted between stall and 
large octal dlsaase* this was not statistically 
significant. Age. ee*, disease activity, previous 
intestinal resection or treatment with elonantal diet did 
not affect the lgC and IgA levels. T*> patlenta with 
Crohn's who were clinically intolerant to ye aot had 

high IgA but not lgC antlbodleo. tea therefore coitcicde 
that lgC yeast antibodies are non-epaclf icolly raised in 
patlenta with Crohn's disease. IgA isotypes. however were 
only Increased In Crohn's disease. Their pathogenic 
significance remains unknown. 
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ABSTRACT 

Lactoferrin is a 703-amino acid glycoprotein originally isolated from milk. Plasma lactoferrin is 
predominantly neutrophil derived but indications are that it may also be produced by other cells. 
Lactoferrin in body fluids is found in the iron-free form, the monoferric form and in the diferric 
form. Three i so forms of lactoferrin have been isolated, ie two with RNase activity ( lactoferrin- p and 
lactoferrin-v) and one without RNase activity (lactoferrin-o). Receptors for lactoferrin can be 
found on intestinal tissue, monocytes/macrophages, neutrophils, lymphocytes, platelets, and on 
certain bacteria. A wide spectrum of functions are ascribed to lactoferrin. These range from a role in 
the control of iron availability to immune modulation. More research is necessary however to 
obtain clarity with regard to the exact mechanism of action of lactoferrin. 



Key words: lactoferrin, taeiotransferrin, iron-binding protein, immunomodubtion 



The name lactoferrin is derived from its 
past classification as a major iron-binding 
protein in niilk. Lactoferrin, also referred 
to as lactotransferrin, was first identified in 1939 
in bovine milk, 1 and in 1960 it was isolated from 
human milk by Johannson. 1 Subsequently it has 
also been shown to be a major iron-binding 
protein of other exocrine secretions such as bile, 
pancreatic juice and small intestinal secretions, 
and has been localized in a host of other tissues, 
both in man and in other mammals.' The size 
and structure of lactoferrin is closely related to 
that of another group of iron-binding proteins, 
the tranferrins, and lactoferrin is considered by 
many to be a member of the transferrin family/ 
Plasma lactoferrin is currently considered to be 
predominantly neutrophil derived but indica- 
tions are that it may also be produced by other 
cells. In the past it was traditionally seen as a 
mere bacteriostatic iron-transporting protein of 
milk, but this view is being challenged by recent 
research findings: ... 



Structure and properties - 
The controversies. surrounding :lactoferrin 



function are probably the result of misconcep- 
tions and ignorance about its structure. The 
complete amino acid sequence of human lacto- 
ferrin has been determined and found to con- 
tain 703-amino acid residues. 4 Hololactoferrin 
consists of a single polypeptide chain folded 
into two globular lobes, each with one iron 
binding site. 3 Iron binding to lactoferrin occurs 
concomitantly with the bonding of two bicar- 
bonate anions, a process essential for the liga- 
tion of iron to lactoferrin.* There is a notable 
degree of internal homology between the two 
lobes (residues 1-338 and 339-703, respective- 
ly), which demonstrates 125 (or 37%) identical 
amino acid residues in the corresponding por- 
tions. 4 This has led to a theory of gene duplica- 
tion, proposed to have occurred some 500 mil- 
lion years ago when the original 40 kDa mole- 
cule duplicated, forming the two domains and 
thus giving rise to a family of proteins with 
molecular masses in the range of 80 kDa (Table 
1).' Lactoferrin is suggested to be the youngest 
of the transferrins. 

Lactoferrin is a basic glycoprotein with an 
isoelectric point of 8.7. M Human milk lactofer- 
rin has two poly-N-acetyl-lactosajninic glycans 
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that contain N-acetylneuraminic acid (sialic 
acid), fucose and galactose.*' These sugars have 
been found to bind to asparagine residues 137 
and 478, one located in the C- and the other in 
the N-terminal zone. 0 The primary structure 
of human polymorphonuclear neutrophil 
(PMN) lactoferrin glycans is identical to that of 
the major glycans from human milk lactoferrin. 
The two glycans, attached to lactoferrin 
through N-glycoside linkages, are nonetheless 
structurally heterogeneous and differ from 
those of other transferrins^ The precise role of 
these glycans has not been established, and 
their removal is said to have no apparent effect 
on lactoferrin functions and properties, such as 
receptor binding." 0 However, this assumption 
has been contested by isolated studies in which 
a role in receptor binding was implicated." 

Lactoferrin is remarkably resistant to prote- 
olytic degradation by trypsin and trypsin-like 
enzymes, rendering it at least partially resistant 
to digestion in the gut' This property, postulat- 
ed i to be glycan-dependent, facilitates neonatal 
absorption of lactoferrin from maternal milk. It 
is of interest that the iron-saturated form (ie 
hddactoferrin) is more resistant to proteolysis 
than.the afioform." Lactoferrin not only binds 
iron but- copper, zinc, manganese, gallium, 13 * 11 
and.ppssibV vanadium as weU. l < The degree of 
. lactoferrin iron saturation in plasma is un- 



^^jhuifies: between lactoferrin and other 
. J'fj^emn^likei transferrin and ovotransferrin, 
;^j^tjr^ Theisame polypeptide folding 
Ct^e^is^^im membcrs-of the transfer- 



rin family." Lactoferrin, like transferrin, is an 
iron transporter and as such exists in both the 
hololactoferrin (iron-saturated) and apolacto- 
ferrin (iron-depleted) form. The molecular 
mass of transferrin (apo-form: 75-76.6 kDa; 
holo-forra: 73.8-86 kDa) lies within the report- 
ed range for lactoferrin (apo-form: 75-76.4 
kDa; holo-form 82.6 kDa).* The amino acid 
compositions of lactoferrin and transferrin 
were found to be closely related, 1 " with 59% 
and 49% homology between the two corre- 
sponding domains of the respective molecules. 4 
The secondary structures, including their disul- 
phide linkages, 11 as well as the tertiary ones 7 are 
notably similar. These findings have led to spec- 
ulation that the two molecules may share the 
same phylogenic origin*" Lactoferrin, however, 
differs from ttansferrin in its immunologic or 
antigenic properties, carbohydrate composi- 
tion, water solubility, isoelectric point, and the 
localization of its iron binding and gfycosyla- 
tion sites. 147,20 Lactoferrin and transferrin have, 
as previously mentioned, comparable molecu- 
lar masses with similar C-tcrminal and N-ter- 
minal iron-binding domains, consisting of (J- 
sheets as well as a-helices. 9 The inter-lobe con- 
necting peptide is however helical in lactofer : 
rin, while in transferrin it is irregular. The 
binding site for each lobe, which houses theFe* 
and COa 1 - ions, lies deep within the inter- 
domain deft The iron binding sites in:the : : N- 
and C-lobes are similar three anionic hgandsy 2 
tyrosine and 1 aspartic amino adds, with a 
fourth neutral histidine amino acid that match- 
es the plus three charge on the metal ion, form- 
ing a hydrogen bonding network. 1 : The role of 
the carbonate anion is proposed to be twofold: 
(a) it neutralizes positive charges which might 
otherwise repel the cation, and (b) it partially 
prepares the metal bindingsite on theapo-pro- 
tein by adding two more potential tigandV ■ . ' [ 
CrystaUographic studies have. shown confor r . \* 
, mationai changes, ur^namn^hm 
Uctofea^andM^ i ; 
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transferrin, either in the A- or B-form, and 
di ferric transferrin. As the degree of iron satu- 
ration increases the apparent molecular mass of 
transferrin decreases, implying that as iron 
binds to transferrin the binding areas must 
induce a conformational change that leads to a 
closed iron-binding domain. Separation of 
three lactoferrin forms has also been successful- 
ly performed using high-performance liquid 
chromatography, but absolute certainty about 
the existence of four iron-binding forms of 
lactoferrin has not as yet been achieved, since 
differentiation between possible A- and B- 
forms of monoferric lactoferrin by electro- 
phoresis has not been carried out." 

It has long been recognized that apotransfer- 
rin and iron-saturated transferrin differ in their 
reactivities to specific antisera on crossed im- 
muno-electrophoresis." These findings have 
severe implications for determinations in which 
the antibodies used were raised against only 
one of the forms of the transferrins. The con- 
formational change in lactoferrin that occurs 
when it binds iron, and its implication in lacto- 
ferrin level determination is also emphasized by 
findings that hololactoferrin has an altered 
plant lectin binding capability with respect to 
the apofqrm. 24 This gives additional substance 
to findings that certain forms of lactoferrin 
have a higher affinity for lactoferrin receptors 
than others. 13 The specific receptor affinity of 
lactoferrin and transferrin could perhaps also 
be ascribed to the difference between lactofer- 
rin and transferrin inter^domain interactions. 0 
The molecule exhibits a pronounced tendency 
to polymerize in vitro as well as in vivo at con- 
centrations as low as 10: t0 M. nj> This may possi- 
bly further contribute to the wide range of 
reported serum lactoferrin levels. 

Lactoferrin is known to exist in various iso- 
forms. 1 Three such isoforms, two with RNase 
activity (termed lactoferrin-p and lactorerrin--y) 
and one without RNase activity (termed lacto- 
ferrin-a) , have been isolated; all three are . pre- . 
sent in both human breast milk and in granulo- 
cytes."* These isoforms sriai^ihe same ph^ical, 
chemical and ahtigemc charaden 
in their functional properties.'. ttefiro'n^ihde;: - * : 
pendent isoforms R^ > 



exhibit functional iron-binding, while the iron- 
binding isoform has no RNase activity/ These 
findings may partially explain the reported 
diversity in functions attributed to lactoferrin. 



Lactoferrin levels in plasma 

Lactoferrin is present in plasma in relatively 
low concentrations, with substantially higher 
levels being found in colostrum, human breast 
milk, and seminal plasma. Markedly higher lev- 
els occur in cord blood, tears, and vaginal 
mucus (Tables 2-4). The reported differences 
are probably attributable to factors such as (a) 
analytical methods, (b) the type of anticoagu- 
lant used, (c) variations in lactoferrin iron satu- 
ration, (d) the reported spontaneous in vivo as 
well as in vitro polymerization,* 7,21 and (e) the 
time interval between venipuncture and analy- 
sis or storage. 

Plasma lactoferrin is predominantly neu- 
trophil derived-* Its presence in specific granules 
is often used to identify these granules. 
However, recent findings have shown that lacto- 
ferrin is also found in other granules, probably 
tertiary ones, albeit in lower concentrations. 30 
Plasma lactoferrin concentrations may or may 
not correlate with the neutrophil count," " 
depending on the magnitude of degranulation 
and perhaps the contribution of other organs, 
such as bone marrow, endometrium and pla- 
centa, to the plasma content of lactoferrin. 1 ** A 
summary of other lactoferrin-containing tissues 
has been provided elsewhere. 1 * 

Several authors reported higher lactoferrin 
levels in males than in females; 1747 * one report- 
ed similar levels, but a greater standard devia- 
tions for females, 17 and yet another reported 
higher levels in females than males. 40 In view of 
the higher granulocyte lactoferrin content 
found in men by Freeman et aL, 4t one cannot 
dismiss the higher plasma levels in males report- 
ed by the majority of workers as a mere degran- 
ulation difference. 

Lactoferrin plasma levels change during preg- 
nancy; The changes in maternal plasma lactofer- 
rin levels manifest as a progressive rise in con- 
;centrabonj ynth .stabilization at week 29 of preg- 
nancy-", Several factors, may contribute to this: 
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Blood 02-1.5 pg/ml 

0.05-0250 pg/mL 

acc-o^opg/mi 

<1.(KW.50 pg/ml 
0.13-0.42 pg/ml 
0385*0.153 pg/ml RIA 
1JZO*0.560 pg/ml RIA 
0292*0.110 pg/ml RIA 
0.108±0.059 pg/ml RIA 
0.888*0334 yg/mL RIA 
1.500*1.400 pg/ml RIA 
O.Q4WU00 pg/ml EUSA 
0.134*0.079 pg/mL EUSA 
0307*0.066 pg/ml EUSA 
0.012*0.002 Pg/ml RIA 
025W.750 pg/ml M 
0.540*0260 pg/ml EUSA 
0.0464)257 pg/ml EUSA 
0.168*0.100 us/mL EUSA 
0237*0.155 pg/ml EUSA 

, 6 ' 0.0978 pg/ml ELBA 

■ 0.150*0.067 pg/ml RIA 

0307*0441 pg/ml EUSA 

0206*0.060 pg/ml RIA 

^ 1.620*0.077 jig/ml RIA 

I 9 0.0847 pg/ml EUSA 

1 0.100*0.048 pg/ml RIA 

0326*0.127 pg/mL EUSA 

* 0.140*0.060 pg/ml RIA 
' {FMBVpaoaD OJ50*0.(B6 pg/ml RIA 

(po&aancpatsaQ 1J4*0.10 pg/ml RIA 

* Von plasma 0.122*0.040 pg/ml E1A 
) hjferf plasm 0.107*0.073 pg/ml EIA 
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Serum 
EDTA 
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(62) 
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(34) 



Serum (34) 



EDTA 
EDTA 
EDTA 
EDTA 
EOTA 
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0.05 pg/ml 
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(34) 
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25.88 28.0 pg/ml RIA EDTA (17) 
0385*ail3pg/ml RIA EOTA 04 
0JE-O30 pg/ml EUSA - P" 



hiirt (7«eeb) 0267*0.176 pg/ml RIA 
&fej(Uf£dks1 0269*0.163 pg/ml RIA 
. (lSvetb) 0.176*0.165 pg/ml RIA 



EDTA (34) 
EDTA (34) 
EDTA (34) 



rYeutmpMb 



tew* 



^^|^^cy;-associated leukocytosis;* 1 (b) the 
^^r^^ielcctive inci;ease in the lactoferrin 
^ ^^content of neutrophil while myelo- 
id£se content remains the same; 4 * (c) a 
n*c> maternal 
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2.12 pgfltf neutrophils 
292*22 pg/10 1 neutrophils 
178 pgflP neutrophils 
204*2 J) pgflO 1 neutrophils 
89.0*73 pg/mg cell protein 
59.6*5.5 pg/10 1 neatrophils 
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Term neonates 9 12.6*a4pgA0 , TOatrophJ» 
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ua-derived lactoferrin* and, perhaps, (d) a hor- 
monal influence on lactoferrin production by 
tissues other than the endometrium or deadua, 
such as breast acini .« Indications are that lacto- 
ferrin levels may indeed be influenced by 
endocrine activity. Such a Uctofernn-hormonal 
link is implicated by (a) the larger standard 
deviation seen in female serum," (b) the sug- 
gested endometrial lactoferrin production dur- 
ing the secretory phase of the menstrual cycle, 
(c) the increase in plasma levels during preg- 
nancy- (d) in an indirect way, by the corrda- 
tion between neutrophil count and urinary 
estradiol levels." (e) the higher postmen*truaL 
than premenstrual levels in vaginal mucus, «} 
the decrease in maximal vaginal lactoferrmley- 
els found in women on oral contraceptives, (g) 
the reported tendency of plasma 
els to vary with the menstrual cycle , . (l*the 
dunces between male and female, levels^ 
the hormonal dependency of prostate ^lactofer- 
rin concentration," and (j) the higher post- 
menopausal plasma levels.^' .These^gs 
may however be epiphenomenal m.mtu^- . > 
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than those in human milk. Masson et al." in fact 
showed that the levels in human breast milk 
were the highest among the ten different species 
investigated. Approximately 30% of the iron in 
human milk is bound to lactoferrin." It is esti- 
mated that only 6-8% of milk lactoferrin is iron 
saturated, which correlates with the finding of 
Makino and Nishimura 11 that 95% of milk 
lactoferrin is in the monoferric and/or apolacto- 
ferrin form. Lactoferrin levels in human milk do 
not appear to be dependent on body iron status, 
but rather on the general state of maternal 
nourishment. Lactoferrin is said to be generally 
lower in malnourished mothers.* 

Various authors have found colostrum lacto- 
ferrin concentration to be significantly higher 
than that of milk ejected after this period. The 
levels in milk do not however decline any fur- 
ther upon prolonged lactation/ 0 Although no 
correlation could be shown between gestational 
age and lactoferrin levels," there is general con- 
sensus that the colostrum of preterm deliveries 
contains significantly higher lactoferrin concen- 
trations than that of full-term deliveries. 7 ^ It is 
unlikely that this could be attributed to either 
the relatively smaller volume or the higher neu- 
trophil count in preterm colostrum, since there 
is no difference in protein levels between 
preterm and full-term colostrum and the differ- 
ence in neutrophil count is too small to be 
^esponsible. ,u, TTie initially increased lactoferrin 
level in preterm colostrum then declines over 
the colostrum producing period." The finding 
of markedly higher lactoferrin level in colo- 
strum than in serum despite the substantially 
lower neutrophil count of colostrum suggests 
either the production of lactoferrin by mamma- 
ry tissue, or the active transport of lactoferrin 
against a concentration gradient 
. Lactoferrin levels in amniotic fluid were found 
to be undetectable before the 20th week of preg- 
nancy.* A significant increase is said to occur 
around week 30, whereafter, it remains high 
until term; Lactoferrin: levels in ..the decidua, 
amnion. and :chorion membranes, trophoblast 
and umbilical cord are shovmr.m Table 
tions. are.- that amniotic fluid lactoferrin . nriayybe . 
: of decidualongm^ : 
plasma lactoiierrinHev^ ; 



Table 4. Reported lactoferrin levels in various homao secretions and tis- 
sues. 



fluid and tissue (me/ 



Cotostralnitlk 
(pretenn) 
(loll- term) 



$-7 mEtatl 
6.7&±L50rng/ml 
110±Q.50oig/mL 
6.7±0.7 rag/ml 



Transitional mil* 3.7±0.lmg/mL 



Mature breast mitt 
(human) 

Amniotic fluid 



Amniotic membrane 
Chorion membrane 
Trophoblast 
Umbilical cord 

Bronchial mucus 

Tear fluid 

Vaginal mucus 

PostmensUual 
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3:8 -lMjtg/rag protein 
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sponding initial increase and finally stabilize at 
week 29 of pregnancy* It is therefore plausible 
that this increase in plasma lactoferrin during 
pregnancy could beof decidual origin. Amniotic 
lactoferrin concentrations are, surprisingly, the 
highest reported levels after those of colostrum, 
milk, tears and seminal plasma. 

Lactoferrin production in the fetus depends 
on gestational age and was found, by immuno- 
his to chemical detection, from 13 weeks on- 
wards," The presence of lactoferrin in fetal sali- 
vary glands at a certain level of cytodiflferentia- 
don, and the reported decline in salivary gland 
;,Uc^ferrin shortly after birth suggest a contribu- 
- tibn»tp:fe 
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nan blood cells.r- It is also possible that some of 
the few 1 lactofcrrin may originate from amniot- 
ic fluid, which has significantly higher lactofer- 
rin level* lhan eilher feUl or ma,ernal scra - At 
oresent it does not appear that lactoferrin can 
cross the placenla." This view is supported by 
the demonstrated lack of correlation between 
maternal and neonatal lactoferrin concentra- 
tions." . 

Plasma lactoferrin levels in the neonate are 
stfll controversial. The first reported levels in 
cord blood were 25.8 and 28.0 ^g/mL (n=2), 
which were at least ten times higher than the 
values found in adults in the same study." Some 
authors detected differences of a less significant 
magnitude between full-term infants (0.385± 
ttll3 ug/mL) and adults (0. l22±O.O40 ng/mL), 
while others could show no difference between 
neonatal and adult levels."" Some even report- 
ed an inability to detect any lactoferrin in cord 

Wood." . „ 

Independent from whether or not plasma 
lactoferrin levels in the neonate and infant are 
indeed elevated, these values would appear to 
stabilize at normal adult levels by the age of 15 
weeks." Neonatal plasma lactoferrin levels 
depend on various factors such as the neu- 
I trophil count, neutrophil lactoferrin content, 
degranulation characteristics, lactoferrin half- 

lifcas well as possible maternal contributions to 
the fetal plasma lactoferrin pool. Neonatal leu- 
kocytosis, which disappears within a week after 
birth, is well known- however, some conUover 
sy exists with regard to granular lactoferrm am 

tent, which many report to be decreased, 
but which one groupjif workers found to be 

comparatively normal." fetal 
The general impression J«* appcar 
lactofcrrin release characteristics wouj 
to be that of a slight suppression of ^JJJ. 
don, possibly resulting . from 
and-receptor interaction^ 
would, to a degree, correlate wiw 
\ dfsuboptimallcuko^e a^y^in ^ ^ 

bora- By the same «**^fifcifc The ; 
activity may Prolong lactoiera y^yOAk- -■ 
,«ebu«ly high neonatal ^g^^be- ■ 
^ reaped to adult values , 
Vl^plainedsolely by an imrnatureJUj* Z T^H 



Immunogeneity of lactoferrin from different 
human sources 

The question arises whether any difference 
exists between lactoferrin from various sources 
(eg. milk or neutrophils). A study employing 
double immunodiffusion analysis on human 
breast milk, colostrum, apolactoferrin and neu- 
trophil lactoferrin did not reveal any obvious 
disparity among them.* 4 The complete DNA 
sequence of the human mammary lactoferrin 
gene shows 99.7% agreement with a partial 
sequence of neutrophil cDMA, and a deduced 
amino acid homology of 97% to the sequence of 
human milk lactoferrin. 4 Certain investigators, 
on the other hand, found a difference in the ter- 
minal fucose residues of its gfycan chains (which 
are required for lactoferrin binding to macro- 
phages) between neutrophil- and human mdk- 
derived lactoferrin," while others demonstrated 
that individual antibodies can be produced 
which could differentiate between milk and 
neutrophil lactoferrin." However, it is poss.blc 
that d* observation could be the resul of ant.- 
bodY specificity for various iron-saturation 
forSof Werrin.The majority of the eating 

presence of various isoforms or the degree o 
lactoferrin iron-saturation. 

ferrinlevds ^ llect ion for lactoferrin • 

Correct specimen col«tioni ^ 

analyses is of f^^SSS^ * 
in collection '"^^Vuon tubes are 
heparin instead of ^ r " ia ble results." For 
known to give rise W^\ hat (a)! tDTA be 
reliable results « " ^) min imurn=stasis be: 
used as anucoagulant, IW ^cen- 
appUedd.n^gverupur^.1 ; 6o ^. ^fcfc 
trifagfttion be Perf^^^^estiwitbin^. 
after blood .sampling. 4 ?*- ■ if .w ar atioh« 
hours 0 fblopdcoUe^^^^ W fu; 
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stored, in the iron depleted state, in the specific 
granules and possibly in the tertiary granules." 6 
It appears that the steroid- thyroid receptor 
superfamily works in concert to modulate 
lactoferrin gene expression. This supports the 
hypothesis that lactoferrin levels are hormone 
dependent. A detailed discussion is perhaps 
beyond the scope of this writing. Lactoferrin. 
unlike myeloperoxidase and some other granu- 
lar products, is not synthesized as a larger pre- 
cursor and was found to be unphosphorylat- 
ed.* 7 Lactoferrin transfer to its storage granules 
is dependent on acidification mechanisms and 
occurs through the medial and transcisternae of 
the Golgi apparatus." It therefore appears to be 
processed like proteins destined for secretion. 
The neutrophil lactoferrin within these gran- 
ules has two destinations: it can either be 
secreted into the surrounding tissues or blood,* 
or the granules can fuse with phagosomes.** 
Secretion from polymorphonuclear cells into 
the circulation is dependent on degranulation 
factors, which in turn appear to be dependent 
on the activation of guanylate cyclase, cGMP 
and proteinkinase C (calcium dependent). This 
occurs in both aerobic and anaerobic condi- 
tions, is unaffected by the presence of hydrogen 
sulphide and is stimulated by interleukin-8 and 
surface bound IgG.*" Plasma lactoferrin levels 
generally increase in iron overload, inflamma- 
tion, infectious diseases, and during tumor 
development, demonstrating a multifactorial 
stimulatory mechanism for lactoferrin release 
from neutrophils.* 

Upon release lactoferrin binds metal ions, of 
which iron has been the most intensively stud- 
ied: The precise relationship of serum apo- to 
hololactoferrin has not as yet been determined, 
because such determinations pose certain exper- 
imental difficulties. Lactoferrin removal from 
circulation appears to occur in one of two ways. 
First, lactoferrin can be removed from the circu- 
lation, as well as from the interstitial spaces, by 
what would appear to be receptor-mediated 
endocytosis into phagocytic cells such. as macro- 
phages, monocytes and other- cells of ;&e?RES, 
with subsequent trans^ 

^iun. sx>M, In experime^ * ' 

the half-life of mjecte^ .If; 



longed threefold by blocking the RES.** Some 
controversy with regard to the cells involved in 
this manner of lactoferrin removal still exists 
The alternative way of lactoferrin removal 
would be its direct uptake by the liver through 
an iron saturation-independent, clathrin- 
dependent, calcium-dependent process of endo- 
cytosis." Kupffer and liver endothelial cells, as 
well as hepatocytes appear to be involved." The 
binding sites may perhaps be the same as those 
for transferrin binding, since lactoferrin was 
shown to inhibit transferrin uptake by rat hepa- 
tocytes." 

Bennet and Kokocinski showed that labelled 
lactoferrin was rapidly cleared from the circula- 
tion by the liver and spleen, with all lactoferrin 
being removed within 7 hours after injection. 55 
It is as yet not sure whether lactoferrin, like 
transferrin, is recycled.** Further research is 
needed to fully understand lactoferrin metabo- 
lism in the human adult. 

The kidneys appear to play a role in lactofer- 
rin clearance from the circulation since both 
lactoferrin and lactoferrin fragments were 
found in the urine of infants." It is of interest to 
note that the lactoferrin found in breast-fed 
infants is predominantly of maternal origin.** 
Low molecular fragments of lactoferrin were 
also reported in stools.* 3 Both fecal and urinary 
elimination of lactoferrin, however, need further 
investigation because significant controversy 
still exists. 



Lactoferrin receptors 

Lactoferrin is a basic protein with a high iso- 
electric point (8.7), enabling it to undergo 
nonspecific binding to many target cells or 
proteins.* Some studies with lactoferrin frag- 
ments indicate that part of the N-lobe (resi- 
dues 1-90) is involved in lactoferrin receptor 
binding.** Other studies however found regions 
in both the C- and N-lobes of human lactofer- 
rin that bind to bacterial lactoferrin receptors.** 
Lactoferrin receptors have been identified in 
the gastrointestinal, tract, on leukocytes and 
macrophages,, platelets, and on bacteria. A 
summary^ is presented in 
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+ ladoterin 
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(101) 



-Sipttjloaxcvs aureus 
-toxaxits hjdrophilia 
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(107.108) 
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-JGA . 
•Casein 

- Se&ttoty component 



Table 5. Uctaferrta recej*or$ iden- 
tified. 



7*e biological role of lactoferrin 

Some controversy still exists as to the exact 
role and mechanism of action of lf°fcrrut It 
has now been shown that lactoferrin does 
indeed play a role in the host defense mecha- 
nism as well as in iron metabolism. Its role in 
the host defense mechanism mvolves much 
more than that of a mere bacteriostatic agent 
lactoferrin, in addition to its bg-gj 
function, can also exert a bactenadal efiM *rf 
can curb the proliferation of other microbes 

such as fungi ^SS ^ 
extended role in the body's defense 
STugh its immune modulatory 
major role of lactoferrin m «on . - 

Jm appear to be £ Sofel 

ability. Other mechanisms in wrucn 

is imputed indude agmwm regubtoryfunc^ 

tion I normal cells. «f^TiS!SSS 

ceUular- adhesion "f 1 ^^ number 
. to have a tendency ^ bmd^g. 

; Mother molecule* or S^&Sfa- 

--tfjft related to these, interactions,* 
.b^ninjBto^e^e. 



Jlole in iron metabolism 

^^e obsemtion of a higher lactpfa, 
mfe ^non^aWgher^navauabiUtx .. 
rin concentration ana a ^ 
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Lactoferrin may perhaps affect cellular mech- 
anisms through its influence on iron availabili- 
ty. Iron is known to affect a host of cell func- 
tions such as DNA, and to a lesser extent RNA 
and protein synthesis, the expression oflym- 
phocyte surface markers, immunoglobulin 
secretion, interleukin-2 receptor expression and 
many others." 1 Lactoferrin could thus, through 
its effect on iron availability, indirectly influ- 
ence a wide spectrum of physiological activities. 



Host defense 

The role of lactoferrin in the body's defense 
against micro-organisms is clinically manifest- 
ed by the recurrent infections seen in patients 
with an absence of specific granules," 2 and by 
the altered granulocyte function associated with 
lactoferrin deficiency. 1 " This is experimentally 
confirmed by research results such as the pro- 
tective effect shown by lactoferrin in experi- 
mental £. coli septicemia. 1 " 

The best known role of lactoferrin in the host 
defense mechanism is that of a bacteriostatic 
agent whereby the proliferation of bacteria is 
inhibited through its iron sequestering proper- 
ties. Iron withholding as a defence against infec- 
tion and neoplasia well described by Wein- 

Lactoferrin is known to have a wide spectrum 
of microbiostatic activities. It is however fairly 
ineffective against those bacteria which are able 
to acquire their iron from either lactoferrin or 
transferrin. 11 * It is now known that lactoferrin, 
in addition to its bacteriostatic action, can also 
be bactericidal. The bactericidal effect of lacto- 
ferricin B, a peptide proteolytically derived from 
the N-terminal region of lactoferrin, is said to 
be several times greater than that of lactoferrin. 
Lactbferricin B was shown to be lethal to a wide 
spectrum of microbes, and to rapidly inhibit the 
colony-forming capability of most species test- 
ed. 117 . The' bactericidal effect of lactoferrin is 
mediated by blistering, i.e. damaging of the 
outer bacterial membrane,, with subsequent 
.'. alteration, of. te. perin^bi^ 
membrane ^damage r i ndud^: inco^oration of 
lactoferrin into the membranej iand .subiequent- 
. dispersion of Hpo^l^ccl^di f (i^ 



a cation (Ca \ Mp' or IV "i modulated pro- 
cess/" The lactofcrrin/lav-tofcrricin reactive 
component of the bacterial membrane is said to 
be a 38-kDa protein molecule, namely poriiv* 
Porin is normally shielded by ihe polysaccharide 
moiety of LPS. which reduces the anti- microbi- 
cidal effect of lactoferrin. 

It would appear as if lactoferrin can also 
exhibit fungicidal and perhap> anti-viral effects. 
The exact antifungal effect is not yet clear, but it 
is known that monoprotcin fractions of Can- 
dida albicans increases the number of fungi- 
phagocytosing polymorphonuclear cells and 
that lactoferrin cannot inhibit this growth in the 
absence of polymorphonuclear leukocytes."' 
Direct killing and suppression of the colony- 
forming capability of Candida albicans by the 
N-terminal lactoferrin fragment, lactoferricin B, 
has also been shown. The mechanism apparent- 
ly corresponds to that involved in the lacto- 
ferricin killing of bacteria and is suppressed in 
the presence of Ca " and Mg\ :: Neutrophils 
were shown to have reduced lactoferrin content 
during viral infections. This acquired neutrophil 
lactoferrin deficit is suggested to be instrumen- 
tal in superimposed postviral bacterial infec- 
tions. 1 " The effect of lactoferrin on viral prolif- 
eration perseis still controversial. 

Lactoferrin, as previously mentioned, appears 
to play an extended role in the host defense mech- 
anism by modulating other immune processes. 
Observations that suggest such an immune mod- 
ulatory role are presented in Table 6. 



Lactoferrin and cellular proliferation 

A number of studies suggest a role for lacto- 
ferrin in cellular proliferation. Such studies 
include better gastrointestinal development in 
newborn animals fed maternal milk as com- 
pared to newborn animals fed commercial for- 
mulas, ,04 -"° increased thymidine incorporation 
with lactoferrin supplementation of milk for- 
mulas/ 41 and in vitro augmentation of thymi- 
dine incorporation into rat crypt cell DNA by 
lactoferrin. 10 The dependence of lactoferrin 
growth stimulatory activity on iron saturation 
. was shown by the fourfold higher:DNA synthc- 
•j; ^ in a mouse embryo cell line under the influ- 
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Table 6. Host tetenseAranume modulatory function ol tartrferrin. 



Modutitoty 'function 



Probable 



Ret# 



L Urtuferrin enhances neutrophil accumulation at, and adherence to tis- 
sues at the site ol injuiy 

2. Lactotarin enhances granulocyte •stickiness- and in so doing promotes 
cetl-lo^ceU interaction t . 

3 iteccnrjoversywahn*^ 
ductron (ie inhibition or augmentation) probably depends on the emrt- 
nxunemel conditions which cause ladoferrin to be either an iron scav- 
enger or an iron supplier: . . . 

a) lo add environments such as in the phagolysosome, ladrfemn 
may promote the production of radicals for the intragranulocyte 
tiDingof microorganisms. 

(i) lactoienin catalyzes the neutrophilic production ol hyflroxyi 
radicals. 

b) At normal eibacelluar pH values, ladoferrin may inhibit free radi- 
cal production and in this way perhaps dimmish oxidative damage 
to tissues. 

(0 tt inhioasthe production of free radicals by stimulated mono- 

(5) UcTcferrifl may proted neutrophilic cells from lipid peroodda- 
twe damage. 

(iu)Udoferrm inhibits lipid peroxidation mechanism. 
I. lartof emn. through As growth regulatory function, affects the host 
defense mechanism: 
a) The effects would appear to be predominantly inhibitory in nature. 
(Q Uctoferrjn inhibits mitogen- and alloantigen-induced human 

lymphocyte proliferation, 
(ii) ladcfenm blocks histamine release from rat mast cells, 
(in) ladof arm inhibits the synthesis of antibodies, 
fw) Lactolenin helps to control monacyte/macrophage activity. 
M lattoferrin has an anticomplement action. 
N Uctofemn augments natural Wller cell (HK) cytotoxicity and 
lyinphckine activated killer cell (LAW cytotoxicity. 

. M Most of the above rnechanisms, shown to be affected by tactolerrirt, are 
generally stimulated by cytokines. The mechanism of adion of lade- 
Win rruryttus be through its affect on cytokine activity. A couple 
. of publications would appear to support this possibility. 
0) Urtofenio suppresses the secretion of gronulocyte-mccocyte- 

colony stimulating factor, 
(a) . Rfty ptrcent iron-saturated tactofwrin inhibits the release of 
cytokines, such as tumor necrosis tartor, inter leukin-lp and 
iflterfeakin-2. in a dose- and time-dependent way. 
55) Uctofemn only affeds the release but not the biological activity 
' of the cytokines. 

0y) tactofmm. in the presence of lipopolysaccharides, augments the 
production of interteuUn- 1 p, tumor necrosis f actor-a, tater- 
teukin-6 and prostaglandins. 

S. ladrftmn may modify the inflammatory response in SU by binding to 
" om - 

a ladctsrrin was shown to enhance the T-cell Butoreadrvity associated 

^"Micc^deriunwnduced arthritis. 
?. HedrophB tadderrin augments the antimicrobial capacity of 



1 tattafann enhances polymorohonuclear cell f ortdmnrngby increasing 
-. ,rie>muttity and priming them to produce superoxide at a faster rote, 
_ r§{<ieac^Serrto cxtastistes tte bsslerictctal cspabilitjes Gt bactensdins, a 
Y ^f^ftergB^^ 

$v!taffi§ta^ » «*i to substftrfaf or antl bodies o order to activate the 
1 'i^^d&sscal pathway of complement . . 

l*afc^ ? :. :; ..... ; ... . 




Reduction in the surface charge and thus in the repulsive 27 

taenia .binds to the surface d polynarphonuctear cefls 123 
and reduces the surface charge. 



a) The fumishingd ion by tactoferrm to an oxygen radi- 124 
^generating system. w 

125 



(U Omcentration dependent lacroterria bOnbition d 132,133 

interteuiin-1 synthesis fnegpthro feedback). 
fflUnknowo, 133 



b) ladoferrin ads as an iron scavenger. 

tO Iron-binding dependent 

(ii) Iron-binding dependent 

(Hi) Iron-binding dependent, since iron-saturated 
lattoferrin demonstrated no inhibitory effed 

0) Unknown, but would appear to be dependent on its 
Iron chelating properties. 

01) Unknown, but apparently iron saturation depen- 
dent 

(ilflUnknown 

(iv) UnJmown. 

(v) Controversial. Some found a procomplement 



(iiQUnxnuwa. 

(M tot known, but independent of iron saturation. 



tnteradion between bctoferrin and DMA prevents the bind- - 
IngofantWNA. i^eninisalsosteto.dis^ ■ 
anti-OHA-CNAbcni ^ . . r 

Cross reactivity between the niycobacterial 6WDa beat 
8hoc«pntoaiaJb.etBfe^. J /^^^^i" 



a ol'ladoferno and nipbperoxidasa,/ 

• Unknown. but apparently independart " 
canteabdtsriedbfaiiWictD^ 

• Ttesyr*rglstfe8«ta#U^^ 

^creases b^>°^™>™^ '< 

• UntaovntWtiw^^ 
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ence of hololactoferrin thaa in the same line 
under the influence of apolactoferrin. 10 A role 
for lactoferrin as growth stimulatory factor in 
embryos and neonates is further suggested by 
the significant enhancement of DNA synthesis 
in rat neonatal hepatocytes by iron saturated 
lactoferrin. This mitogenic characteristic of 
lactoferrin apparently does not apply to adult 
rat hepatocytes. 144 The effect of lactoferrin on 
cancerous cells would appear to be inhibitory 
rather than stimulatory.' 4 ' Some contradictions 
si ill exist however. 

The exact effect of lactoferrin on myelopoiesis 
is still being debated. The contrasting views on 
this subject have previously been referred to as 
the lactoferrin controversy. 2 ' The reader is referred 
to a publication in which the controversial 
points of view are discussed* The majority of 
research workers are presently of the opinion 
that lactoferrin acts as a negative feedback regu- 
lator of myelopoiesis. w ' M « WM7 The mechanism 
of action would appear to be through suppres- 
sion of the release of cytokines such as inter- 
leukin-l, tumor necrosis factor and interleukin- 
2 m.u«? La C t 0 f err j n h as oeen snown to (a) bind to 
specific receptors on hemopoietic cells, (b) 
become internalized in such cells, and (c) asso- 
ciate with DNA within the nucleus.* 4 * Euchro- 
matin has been suggested as the probable func- 
tional site for the lactoferrin inhibitory action. 14 * 
Whether lactoferrin can directly influence 
hemopoietic cell proliferation, or whether its 
effect is primarily through the regulation of 
cytokine release must still be confirmed. 



Other possible function 

Acute phase proteins are defined as proteins 
whose concentrations in plasma increase by 
25% or more following infection or inflamma- 
tion."* Several authors have suggested that lacto- 
ferrin be classed as an acute phase protein. 

An antithrombotic function has also, been 
ascribed to lactoferrin: The .possibility that 
lactoferrin or. lactoferriri-derfved. substances 
may influence platelet function is supported by 
observations such as (a) the presence, of Jacto4 
ferrin receptors on platelet rrierhbran^? , I'(b): 
the inhibition of-ADP-tr^ted^ 



tion, ,,e (c) the inhibition of fibrinogen binding 
to ADP-treated platelets, and (d) the inhibition 
of platelet aggregation, thromboxane genera- 
tion, serotonin release and a-granule mem- 
brane protein expression.' 5 ' 

In addition to its proposed role in the modu- 
lation of the host response, lactoferrin may also 
be involved in immunotolerance. It has been 
shown to prevent activation of the complement 
system (confirmed by hemolytic assay). 1 " Indi- 
cations, however, also exist that it may activate 
the classical complement pathway.'* The pres- 
ence of anti-lactoferrin antibodies in certain 
autoimmune diseases might also imply a role 
for the molecule in immunotolerance (Table 7). 



Possible clinical applications 

Since lactoferrin is released in a nonspecific 
way in response to inflammation, any such event 
will increase its levels through neutrophil activa- 
tion and degranulation. The diagnostic applica- 
tion of these levels is similar to that of several 
different indicators of immune stimulation, such 
as neopterin and etastase-al -proteinase inhibitor 
complex and others, rendering lactoferrin levels 
relatively nonspecific. A number of clinical 
applications are nonetheless described in the lit- 
erature. These are mosdy of diagnostic or prog- 
nostic predictive value and include plasma lacto- 
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Icrrin determination as an index of the total 
blood neutrophil pool or neutrophil kinetics, ,,,w 
as a tool in the diagnosis of chronic myeloid 
leukemia/ 4 granulocytic leukemia, M chronic cal- 
cifying pancreatitis, 5 '* ? " cystic fibrosis,"-' 5 * sep- 
tfceti.ia.* ,il " congenital aplasia of the vasa defer- 
entia and seminal vesicles," schizophrenia, 140 
ioinl inllammation and cartilage degradation, 16 ' 
psoriasis'" and rheumatoid arthritis. 1 * 1 Lacto- 
fcrrin antibodies have been demonstrated in 
patient* wiih Felt/s syndrome, and the detection 
of these antibodies may prove useful in its diag- 
nosis.^ 1 It has further been suggested that p- 
lactoferrin/RNase and 7-lactoferrin/RNase may 
be of value in the detection of breast cancer. 164 
The weak discriminatory power of changes in 
total plasma lactoferrin concentration makes it 
unlikely that the determination of values will 
ever achieve widespread prognostic or diagnostic 
application. 

Conclusions 

A wide spectrum of functions have been 
ascribed to lactoferrin. This may indicate a rela- 
tive nonspecificity of 

ferrin may exert most of its 
Us effect on iron availability, but tte - 
to explain in the light of our P^^^ 
about lactoferrin-iron affinity. Mo« injght 
into the interrelationships and "jW^J 
between lactoferrin fragments, ^ 
the different iron-saturated ^ 
doubt go a long way toward P^^^f 
understanding of the mechanism of actio 

lactoferrin. 
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We have reported that lactoferrin, a 77-kDa iron-binding glycoprotein found in secondary neutrophil 
granules, provides a useful marker of fecal leukocytes in fecal specimens from patients with inflammatory 
diarrhea (R. L. Guerrant, V. Araujo, E. Soares, K. Kotloff, A. A. M. Lima, W. H. Cooper, and A. G. Lee, J. Clin. 
Microbiol. 30:1238-1242, 1992). In order to determine the usefulness of this marker of neutrophilic inflam- 
mation in different body fluids, we examined blood, gingival swabs, sputum, and saliva using antilactoferrin 
antibodies (lactoferrin latex agglutination [LFLA]). LFLA titers in whole blood samples were sl:4 in all eight 
samples from patients with neutropenia (absolute neutrophil count [ANC] = < 150 polymorphonuclear cells 
[PMNs] per =S1:8 in samples from 13 individuals with moderate leukocyte counts (ANC = ISO to 8,000), 
and 1:8 to 1:32 in samples from six patients with neutrophilia (ANC > 8,000). While the overlap precludes a 
useful role in the identification of neutropenia, these data confirm that lactoferrin titers of > 1:100 indeed 
indicate inflammation in fluid specimens. On quantitative elution of lactoferrin from gingival swabs, all 7 
patients with dental plaque had titers of 1:200 to 1:400; 9 of 12 patients with clinical gingivitis had LFLA titers 
of 1:200 to 1:1,600, while all 7 individuals with healthy gums and teeth and 4 edentulous patients had LFLA 
titers of £1:100. Eight purulent sputum samples had titers of ^1:400 (7 were 1:1,600) while 11 normal saliva 
samples showed titers of £1:100. Lactoferrin titers in sputum, gingival swabs, and whole blood correlate with 
the presence of neutrophils or inflammation in these specimens and may offer a convenient rapid test for 
inflammatory processes. 



In the process of neutrophil maturation, the first granules to 
appear are the azurophilic granules (or primary granules). 
These granules are lysosome-like and contain acid hydrolases, 
degradative enzymes, and defensins (antimicrobial cationic 
proteins). Following the primary granules, the secondary gran- 
ules appear during the metamyelocyte stage of maturation and 
contain vitamin B 12 -binding protein and lactoferrin (18). 

Lactoferrin is a 77-kDa iron-binding glycoprotein that facil- 
itates the production of hydroxy! radicals and chelates iron, 
preventing its accessibility to microorganisms and thus inhib- 
iting their growth (18). Its structure is related to that of the 
serum iron transport protein transferrin, but only traces of 
lactoferrin are normally found in serum (14). It is present in 
several body secretions in various concentrations: 7 u-g/uJ in 
colostrum, 1 u-g/u.1 in mature milk (15) (although a second 
increase occurs toward the end of lactation [10]), 4.7 to 26 
ng/uJ in saliva (19), and 3.8 to 218 ng/mg of protein in vaginal 
mucus (depending on the time in the menstrual cycle, being 
highest just after the menses [4]). Lactoferrin is specifically 
found in secondary granules in polymorphonuclear neutrophils 
(PMNs) and is not found in lymphocytes or monocytes (8, 12, 
16). However, the lactoferrin found in neutrophil granules 
differs from that found in milk in that it lacks terminal fucose 
residues in the glycan chains that are required for binding to 
macrophages (5). The in vitro effect of lactoferrin may be 
bacteriostatic or even bactericidal for a wide range of micro- 
organisms, including gram-positive and gram-negative bacte- 
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ria, aerobes, anaerobes, and yeasts (20). By sequestering iron, 
the free lactoferrin (apolactoferrin) blocks its utilization by 
bacteria, blocking microbial carbohydrate metabolism (2) or 
destabilizing the bacterial cell wall, perhaps through binding of 
calcium and magnesium (6). The bactericidal activity of lacto- 
ferrin may relate to its providing iron that can catalyze the 
production of free radicals, which lead to microbial killing 
within the phagolysosome of neutrophils (13). The antimicro- 
bial role of neutrophil lactoferrin is further demonstrated in 
patients whose neutrophils lack specific granules and who, 
therefore, suffer from recurrent infections (3). 

We have described the feasibility and potential cost effec- 
tiveness of the measurement of fecal lactoferrin as a marker of 
fecal leukocytes (9). Since World War I, when Wilmore and 
Shearman, and other physicians from the British service, in- 
vestigated the use of fecal "cytodiagnosis" in the differential 
diagnosis of bacillary and amoebic dysentery, the use of mi- 
croscopic examination of fecal smears with methylene blue 
staining has been proposed as a rapid test that may serve as a 
useful adjunct to other clinical features in the provisional di- 
agnosis of inflammatory diarrhea (1, 7, 21). However, there are 
limitations to this examination. It requires the availability of a 
skilled microscopist and a microscope, and the microscopic 
exam must be done on a fresh cup (not swab) specimen be- 
cause leukocyte morphology tends to be lost during storage 
and on swabs (9). Therefore, the simple in vitro test for the 
presence of lactoferrin in fecal specimens developed by our 
group has proved to be a useful procedure for detecting in- 
flammatory diarrheas in nearly 90% of the cases studied (17). 
Furthermore, it was useful even with stored and swab speci- 
mens (9). It has also been used to identify inflammatory vagi- 
nitides (18a). The purpose of this study was to extend this work 
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and assess the correlation of the neutrophil marker lactoferrin 
with inflammation in different body fluids including blood, 
gingival swab specimens, sputum, and saliva. 

The lactoferrin latex agglutination (LFLA) assay was devel- 
oped by our laboratory (9) and is produced as Leukotest by 
Techlab Inc., Blacksburg, Va. This method detects lactoferrin 
at >1 ng/|xl, or >200 PMNs per uJ (9). The samples tested 
were diluted in 0.1% sodium azide buffer solution (the diluent 
provided with the test) at room temperature and vortexed. 
Titration varied, according to the sample tested, from no di- 
lution up to 1:1,600. Triton X-100 detergent (0.1%) was used 
with blood samples to lyse the neutrophils and release their 
granule lactoferrin. Fifty microliters of each solution (sample 
diluted in diluent) was incubated with 50 jxl of sensitized and 
nonsensitized beads, separately, for 3 min on a rotating plate at 
room temperature, and results were then determined. A neg- 
ative result was recorded when no agglutination or equivocal 
fine agglutination occurred. A positive result was recorded 
when definite agglutination was seen. 

Blood samples. Twenty-seven selected blood samples in 
EDTA anticoagulant from different patients were tested. Eight 
were from neutropenic patients (absolute neutrophil count 
[ANC] < 150 PMNs per u,l), 13 were from patients with mod- 
erate leukocyte counts (ANC = 150 to 8,000 PMNs per uJ), 
and 6 were from patients with neutrophilia (ANC > 8,000 
PMNs per pJ). All eight patients with neutropenia had LFLA 
titers of ^1:4. The 13 individuals with moderate leukocyte 
counts had LFLA titers of <1:8, and the 6 patients with neu- 
trophilia had LFLA titers of 1:8 to 1:32. 

Gingival swabs. Thirty gingival swab samples were obtained 
from different patients seen in a dental and oral hygiene clinic 
in Fortaleza, Brazil. They were classified by clinical examina- 
tion as edentulous (4 patients), having healthy gums and teeth 
(7 patients), having dental plaque (7 patients), and having 
clinical gingivitis (12 patients). The results from LFLA testing 
after quantitative elution and dilution are shown in Fig. 1. All 
four edentulous patients had titers of only 1:50, and all seven 
patients with healthy gums and teeth had LFLA titers of 1:100. 
In contrast, 9 of 12 (75%) patients with clinical gingivitis had 
LFLA titers of 1:200 to 1:1,600 (2 patients with 1:200, 4 with 



1:400, 1 with 1:800, and 2 with 1:1,600). The remaining three 
patients had LFLA titers of 1:100. The patients with dental 
plaque had LFLA titers of 1:200 (four patients) and 1:400 
(three patients). 

Sputum samples. Nineteen sputum samples, from different 
patients, were tested for LFLA titers. Eight of them were 
purulent sputum samples, and 1 1 were macroscopically normal 
saliva samples collected from healthy individuals. The results 
(Fig. 2) showed that seven of the eight purulent samples had 
LFLA titers of 1:1,600 and one had a titer of 1:400. As in the 
gingival swab samples, the normal saliva samples all had titers 
of <1:100. With >1:200 used as a cutoff, eight of eight puru- 
lent sputum samples were positive, while none of 11 normal 
saliva specimens were positive (P < 0.001 by Fisher's exact 
test). 

This simple in vitro test may be a quick screening diagnostic 
method for detecting inflammation in samples taken to evalu- 
ate gingivitis or pneumonitis and/or bronchitis. The presence 
of PMNs in sputum or gingival samples is key to the diagnosis 
of inflammatory bronchitis and/or pneumonitis or gingivitis, 
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respectively. The LFLA assay may provide an easy screening 
test for the purulence of clinical specimens and may thus help 
determine when specimens warrant further microbiologic eval- 
uation. 

The number of PMNs found in sputum may vary consider- 
ably with the area examined in a fresh expectorated sputum 
specimen which should be collected for Gram staining and 
culture. While the LFLA test is highly sensitive to the numbers 
of PMNs seen, it does not exclude the contamination of the 
sputum by oropharyngeal secretions. Therefore, while the 
LFLA may be useful for detecting the presence of PMNs, 
positive specimens should then be examined microscopically 
for squamous epithelial cells as well as for predominant mi- 
croorganisms (11). Decisions about culture and treatment, 
however, must be made in the clinic, and a quick, simple 
screening test for sputum purulence that does not require 
microscopy might be a very useful and practical tool to deter- 
mine when further microscopic or microbiologic study is indi- 
cated. 

While it does not exclude contamination from other sites 
(e.g., oral bacteria in a sputum sample), the LFLA assay pro- 
vides a quick, simple means to detect the presence of PMNs 
that does not require sophisticated technical expertise or mi- 
croscopic examination and could be done as a screening test 
possibly in a clinic or accession laboratory. One hundred per- 
cent of purulent sputum samples were positive at ^1:400 
(87.5% had titers of 1:1,600), whereas 100% of control saliva 
had titers of :£ 1:100. Comparable results were obtained with 
gingival swab specimens, with 75% of 12 specimens having 
titers ranging from 1:200 to 1:1,600 in patients with clinical 
gingivitis while all samples from edentulous patients and nor- 
mal controls had titers of ^1:100. Mild levels of inflammation 
were less clearly related to clinical status and were found in 
patients with dental plaque as well as in those with mild gin- 
givitis. 

In an era of growing need for applicable technologies for 
improved clinic-based diagnosis and selective therapy in devel- 
oping areas and in improved cost containment in industrialized 
countries, the LFLA assay may hold considerable promise. 
Clearly, further studies are needed to define its clinical useful- 
ness for patients being evaluated for possible gingivitis or res- 
piratory tract infections. The application of this method by 
using dipstick technologies, on which we are currently working 
with colleagues at Techlab, would further extend its potential 
usefulness. 
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Perinuclear Anti-Neutrophil Cytoplasmic Antibodies Are 
Spontaneously Produced by Mucosal B Cells of 
Ulcerative Colitis Patients 1 
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Approximately 60% of sera from ulcerative colitis (UC) patients contains Igs reactive with neutrophil components, 
raising the question of the origin of these anti-neutrophil cytoplasmic Abs (ANCA). Our assertion that ANCA is a 
marker for a mucosal disease- related immune response predicts the existence of ANCA producing B cell clones 
in the lamina propria lymphocyte (LPL) fraction of UC patients. This hypothesis was tested by examining 12-day 
culture supernatants of LPL ANCA expression. LPL were isolated from surgically removed mucosa from patients 
with UC, Crohn's disease (CD), and diverticulitis. Normal mucosa was obtained from accident victims or normal 
margins of colon cancer resections. Supernatants were assayed by a fixed neutrophil ELISA. The ANCA staining 
pattern of supernatants expressing ANCA, as determined by ELISA, was assessed by indirect immunofluorescent 
staining of alcohol-fixed neutrophils. ANCA was found in 70% of culture supernatants from UC LPL fractions. In 
contrast, only approximately 11% of supernatants from CD and diverticulitis/normal (noninflammatory bowel 
disease (IBD)) LPL displayed ANCA binding. A perinuclear (pANCA) staining pattern was obtained with 70% of 
ANCA-expressing UC LPL supernatants, whereas ANCA-expressing CD and non-IBD LPL supernatants displayed 
a cytoplasmic reaction. PBL and mesenteric lymph node lymphocytes lacked spontaneous pANCA production, 
and pANCA production from PBL was not inducible. These findings indicate the existence of pANCA-producing 
B cell clones in mucosal lesions of UC patients and support our hypothesis that pANCA production is a conse- 
quence of a mucosal immune response specific to UC. The Journal of Immunology, 1995, 1 55: 3262-3267. 



The last 5 years have seen tremendous progress in 
the study of anti-neutrophil cytoplasmic Abs 
(ANCA). 3 These Abs have provided the founda- 
tion for new methods of disease identification, assessment 
of disease progression, and understanding the pathogene- 
sis of a variety of autoimmune diseases (1-7). By using 
indirect immunofluorescence (IIF), ANCA expression has 
been divided into two broad categories: cytoplasmic neu- 
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trophil staining (cANCA) and a perinuclear to nuclear 
staining or cytoplasmic staining with perinuclear high- 
lighting (pANCA). We and others have identified pANCA 
serum reactivity in 68% to 80% of ulcerative colitis (UQ 
patients (8-15). Titers of these pANCA do not correlate 
with disease activity, duration, or extent (8, 10). 

The presence of ANCA in the serum of UC patients 
may well be a marker of an underlying selective immune 
regulatory abnormality manifested by a specific type of 
inflammation that may differ from inflammation in UC pa- 
tients without this marker. This hypothesis was generated 
from the findings of several recent studies that have shown 
different familial, genetic, and clinical associations be- 
tween UC patients expressing ANCA and those who do 
not (16-18). These findings support the thesis that ANCA 
is a marker that defines the mucosal inflammatory process 
of some UC patients. If ANCA, especially pANCA, is a 
marker for a disease-related immune response process, it is 
assumed that there are B cells within the colonic mucosa 
that produce these Abs. 
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The purpose of this study was threefold: 1) to determine 
whether ANCA- and pANCA-producing B cell clones are 
present in UC mucosa, 2) to correlate the specificity of the 
presence of ANCA and pANCA for UC, and 3) to deter- 
mine the site(s) of origin of "spontaneous" production of 
pANCA. Results demonstrated the presence of pANCA 
reactivity in the lamina propria lymphocyte (LPL) popu- 
lation of mucosa from UC patients, but cot from the mu- 
cosa of Crohn's disease (CD), diverticulitis, or "normal" 
patients. Furthermore, the absence of a pANCA reaction in 
supernatants from the PBL and mesenteric lymph node 
lymphocyte (MLNL) fraction isolated from pANCA-ex- 
pressing UC patients implicates the mucosa as the site of 
origin for production of these Abs. 

Materials and Methods 

Patient population 

Intestinal tissue (from either the large or small bowel) was obtained from 
patients undergoing surgical resection. Samples were obtained from 33 
patients with UC, 17 with CD, and 9 with diverticulitis. In some cases, 
multiple samples were obtained from the same patient. Diagnosis was 
based on at least two, and often all four, of the following criteria; clinical, 
radiologic, endoscopic, and histologic. All patients with inflammatory 
bowel disease (IBD) had undergone surgical resection because of intrac- 
tability or complications of bowel disease, and many, but not all, were on 
steroid therapy at the time of surgery. The 10 normal (control) tissue 
samples were obtained from resections for colon carcinoma at least 10 
cm from the areas of pathology and appeared histologically normal. PBL 
were obtained from an additional 25 patients with UC who had been 
evaluated and treated at the Cedars-Sinai IBD Center. Intestinal tissue 
(mucosa and mesenteric nodes) was obtained from six of these patients 
undergoing surgical resection because of complications of bowel disease. 
Institutional review board approval was obtained. 

Cell isolation and culture 

LPL from human intestinal mucosa were isolated as previously described 
by Bull and Bookman (19) and modified as described by MacDermott et 
a). (20-22). In brief, mucosa was dissected free of muscularis and 
washed in HEPES buffered calcium- and magnesium-free HBSS con- 
taining 5% human serum and antibiotics (wash buffer). After weighing 
and mincing, the 2- to 5-mm mucosal pieces were stirred with 0.75 mM 
EDTA containing wash buffer for 45 min at 37°C. This treatment was 
repeated until no more crypt cells were released in the wash solution. The 
mucosal pieces were digested by collagenase (16 U/ml, Worthington 
Biochemical, Freehold, NJ) in wash buffer supplemented with 10% hu- 
man serum, with constant stirring at 37°C in a humidified atmosphere of 
5% C0 2 :95% air. LPL were separated from the digestion supernatant by 
Ficoll-Hypaque (Piscataway, NJ) gradient centrifiigation as previously 
detailed (8). 

In vitro Ab synthesis 

To examine spontaneous lg production, isolated LPL and PBL were 
washed extensively and cultured at 37°C in a humidified atmosphere of 
5% C0 2 :95% air for 12 days at a concentration of 2 X 10 6 cells/ml in 
RPMI 1640 supplemented with 10% FBS and antibiotics as described by 
MacDermott et al. (22). Supernatants from these cultures were analyzed 
for IgG content by solid-phase RIA as also detailed in MacDermott et al. 
(22). In preliminary experiments, some PBL and MLN specimens were 
examined for the inducibility of pANCA by the addition of anti-CD40 
(1 ng/ml) and IL-4 (5 jtg/ml) at the time of culture initiation. 

ELISA 

A fixed neutrophil ELISA was used to detect ANCA as previously described 
by Saxon et al. (8). All samples were analyzed in a blinded fashion. Briefly, 



15 x 10 5 neutrophils were added to each well of a microliter plate, allowed 
to settle, air-dried, and fixed with 100% methanol. After blocking nonspe- 
cific binding with 0.25% BSA in PBS, supernatants from cultured LPL, 
PBL, or MLN lymphocytes diluted 1:2 in blocking buffer were added. Neu- 
trophil-bound Ab was detected by reaction with alkaline phosphatase-con- 
jugated goat F(ab')2 anti-human IgG y-chain specific Ab (Jackson Immu- 
noresearch, West Grove, PA) and reduction of p-nitrophenyl phosphate 
(Amresco, Solon, OH). Color development as measured at 405 ran using a 
microplate reader (Molecular Devices, Menlo Park, CA). 

Indirect immunofluorescence 

The neutrophil binding pattern of ANCA in LPL, PBL, or MLN culture 
supernatants was determined in a blinded fashion by HF as described by 
Saxon et al. (8). Slides prepared by cytocentrifugation of human neutro- 
phils were fixed with 100% methanol and incubated with undiluted su- 
pernatant from cultured LPL. Bound Ab was detected by the binding of 
a fluorescein-conjugated goat F(ab')2 anti-human IgG y-chain specific 
Ab (Tago, Burlingame, CA), and the reaction was viewed under epi- 
fluorescent illumination. 

Statistical analysis 

Results are expressed as mean ± SD except for the IgG concentrations 
which are given as the geometric means X/* SD. Statistical significance 
between groups was determined by two-tailed Student's /-test in which 
significance is defined as a p-value of <0.05. 

Results 

LPL from UC mucosa spontaneously produce ANCA 

ANCA found in serum of UC patients could be derived 
from either the systemic or the mucosal immune system. If 
we postulate that ANCA is a marker for a disease-related 
immune response, then ANCA-producing B cell clones 
should be found in the lamina propria. Since it has been 
shown that there is an increase in spontaneously secreted 
IgG in UC, we chose to look for ANCA-producing B cells 
using freshly isolated LPL cultured for 12 days without 
exogenous stimulation of B cell IgG production. Superna- 
tants were collected from cultured LPL derived from co- 
lonic surgical specimens of disease-involved and unin- 
volved tissue from UC and CD patients, as well as patients 
with diverticulitis and normal mucosa. The latter two 
groups were termed "non-IBD patients." Supernatants 
were tested for the presence of ANCA at a 1:2 dilution by 
a fixed neutrophil ELISA developed in our laboratory (8). 
Results demonstrate that 70% (23/33) of all supernatants 
derived from UC LPL were ANCA reactive (Fig. 1 and 
Table I). In contrast, only approximately 11% of culture 
supernatants derived from both CD and non-IBD LPL 
expressed ANCA (p < 0.02 and p < 0.01, respectively, 
vs UC). 

Majority of ANCA in supernatants from UC LPL have 
a perinuclear reaction pattern 

IIF staining of alcohol-fixed neutrophils has shown that 
the majority of UC serum ANCA displays a perinuclear 
reaction pattern (8, 10, 14). To assess the reaction pattern 
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FIGURE 1 . Levels of binding by supernatants from cultured 
LPL of normal subjects and patients with diverticulitis (non- 
IBD), CD, and UC in a fixed- neutrophil ELISA. Negative val- 
ues (□) are defined as those below the mean of normal values 
± two SD as represented by the dashed line. Positive samples 
are further distinguished by IIP as those binding in a cyto- 
plasmic pattern (O) vs a perinuclear pattern (#). 

Table I. Summary of akohal-fixecl neutrophil ELISA data and 
correlative l!F staining pattern of cultured LPL supernatants 
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FIGURE 2. ANCA staining patterns of supernatants from 
cultured LPL determined by IIP staining of alcohol-fixed neu- 
trophils. A, Negative reaction produced by an ELISA-negative 
supernatant from cultured LPL of a normal subject. Note that 
neutrophils are barely visible. B. A strong perinuclear (pANCA) 
staining pattern produced by the ELISA-positive supernatant of 
cultured LPL from an UC patient. This staining pattern is similar 
to that obtained with sera from patients with UC that are sero- 
positive for ANCA. 



IIF Pattern 
n (% erf Positive Samples) 

Mucosal ANCA Positive IjiCI Level 

Type? n n (% of Samples) jiANCA cANCA ftn/mU 



UC 33 23 (70%)-' 16(70%) 7(30%) 25 x/+ 28'' 

CD 17 2(1 2%) 0 (0%) 2 ( 1 00%) 1 5 X/4- 26 '* 

non-IBD' 19 2 (11%) 0 (0%) 2 (100%) fl x/~ 6'' 

** p < 0.01 vs non-IBD and p < 0.02 vs CD. 

h A subset of total samples were assayed for l>*G level; n = 22 for UC". n - 
8 for CD, n = 15 for non-IBD. 

1 This group was comprised of 10 (histolonically normal) mucosal samples 
obtained from resections for colon carcinoma and 9 mucosal samples from 
patients with diverticulitis. 



of ANCA in supernatants from cultured LPL, undiluted 
supernatants from samples expressing ANCA by ELISA 
were exposed to melhanol-fixcd neutrophils. Seventy per- 
cent (16/23) of the ANCA generated by the LPL of UC 
patients displayed a perinuclear reaction pattern (Fig. 2, A 
and B). The 1 1% of ANCA-exprcssing supernatants from 
non-UC LPL all reacted with neutrophils with a cytoplas- 
mic reaction pattern. Finally, in agreement with the ELISA 
assay, most of the non-UC and non-IBD LPL supernatants 
that did not express ANCA were also negative by IIF. A 
summary of the ELISA results and the ANCA IIF staining 
pattern correlations for all samples examined is given in 
Table I. 

To assess whether spontaneous production of pANCA 
by LPL is a unique feature of B cells in that compartment, 
the 12-day culture supernatant of the PBL fractions of 25 
UC patients seropositive for ANCA were assayed by both 
ELISA and IIF. Only four (4/25) PBL samples were found 
to spontaneously express ANCA, but only one (1/25) of 
those had a pANCA pattern as assessed by IIF staining 
using methanol-fixed neutrophils. Additionally, to deter- 
mine if pANCA production by PBL could be stimulated, 



19 of the UC PBL samples were cultured under in vitro 
conditions known to activate B cells and elicit IgG pro- 
duction (23, 24); i.e., in the presence of IL-4 (5 ng/ml) and 
anti-CD40 (I Mg/ml). Only two (2/19) PBL samples could 
be stimulated to produce pANCA. Finally, PWM (1:100) 
failed to stimulate any ANCA production in this PBL 
panel (data not shown). 

To examine the correlation of ANCA production in the 
various B cell compartments, supernatants were generated 
from LPL and PBL, as well as from MLN cells from 6 of 
the 23 UC patients seropositive for ANCA and character- 
ized with respect to serum ANCA staining pattern. Five of 
the six (5/6) serum ANCA were found to be pANCA, 
while one was a cANCA. All five of the LPL supernatants 
from pANCA seropositive patients expressed ANCA and 
displayed a pANCA staining pattern identical to that of its 
matched serum ANCA (Table II). The majority (4/6) of 
the PBL supernatants did not express ANCA, and those 
(2/6) that did express ANCA displayed a cANCA im- 
munofluorescent reaction pattern (Table II). An examina- 
tion of supernatants from cultured MLNL revealed that 
most of these cells did not spontaneously produce ANCA 
(Table II). 

Total IgG levels do not correlate with ANCA 
expression 

Since an increase in the spontaneous production of total 
IgG by LPL from UC patients was demonstrated (22), the 
presence of ANCA in UC supernatants could be due to this 
increase in IgG. Total IgG was measured in each LPL 
culture supernatant using RIA. As seen in Figure 3, no 
correlation was found between the level of total IgG in the 
LPL supernatants and the level of ANCA binding. Addi- 
tionally, while incubation of PBL in the presence of IL-4 
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- Table II. Correlation of spontaneous pANCA production in supernatants of LPL, PBL, and MLN with serum pANCA values from UC 
patients seropositive for ANCA by EUSA 



Serum LPL PBL MLNL 



Patient 
No. 


Binding 
level (%) 


I1F 
pattern 


Binding 
level (%) 


HF 
pattern 


Binding 
level (%) 


HF 
pattern 


Binding 
level (%) 


IIF 
pattern 


1 


91 




11 (+) 


P 


5(-) c 


n/a 


3(-) 


n/a 


2 


61 <+) 


P 


19(+) 


P 


3(-) 


n/a 


5M 


n/a 


3 


24(+) 


P 


19(+) 


P 


SH 


n/a 


O(-) 


n/a 


4 


17( + ) 


c 


1 (") 


n/a 


15(+) 


C 


3H 


n/a 


5 


156 (+) 


p 


15(+) 


C/P 


12(+) 


C 


7(+) 


P 


6 


93<+) 


p 


103(+) 


P 


4(-) 


n/a 


3(-) 


n/a 



•'(+), ELISA (ANCA)-positive samples defined as binding in fixed neutrophil ELISA in excess of two SD above mean of normal control samples. 

h P, Perinuclear immunofluorescence pattern with alcohol-fixed neutrophils; C, cytoplasmic immunofluorescence pattern with alcohol-fixed neutrophils; n/a, 
not applicable in EUSA-negative samples. 

,: (-), EUSA-negative samples defined as binding in fixed neutrophil ELISA less than two SD above mean of normal controls. For nonserum samples (LPL, PBL, 
MLN) LPL supernatants of normal LPL was used as normal control sample, while serum from normal donors served as normal control for patient serum. 
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FIGURE 3, Correlation of binding level in a fixed neutrophil 
ELISA to IgG concentration in supernatants from cultured LPL of 
non-IBD (normal subjects and patients with diverticulitis) (A, 
r = 0.00), CD (□, r = 0.08), and UC (•, r « 0.00). The solid line 
indicates linear regression of combined points (r = 0.20). 

and anti-CD40 resulted in the stimulation of IgG produc- 
tion for most of the samples examined (11/13), with some 
attaining IgG levels similar to those of the LPL superna- 
tants, there was no correlation between enhancement of 
IgG level and ANCA production (data not shown). It can 
be concluded that the increased level of LPL ANCA and 
pANCA reactivity is likely to reflect a specific disease- 
related immune response. 

Discussion 

This study demonstrates the presence of ANCA-secreting 
B cells within the mucosal LPL fraction from 70% of pa- 
tients with UC. IIF analysis showed that the majority of 
these ANCA (70%) are pANCA (Table I). In contrast, 
only approximately 11% of CD and non-IBD LPL pro- 
duced ANCA after 12 days of culture. None of these dis- 
played a pANCA reaction pattern (Table I). Of signifi- 
cance is the finding that spontaneously pANCA-secreting 
B cells seemed not to be present in the majority (24/25) of 
the PBL fractions nor could these cells be stimulated to 
produce ANCA using a combination of stimuli known to 



augment IgGl production (24). Also, the ANCA staining 
pattern produced by the LPL supernatant correlated well 
with that of the corresponding serum (Table II). The find- 
ing of ANCA posit ivity is not simply due to enhanced 
levels of IgG in UC LPL supernatants (Fig. 3). Rather, 
their presence suggests a disease-specific relationship. In- 
deed, the absence of antitetanus toxoid titers in most of the 
LPL supernatants (data not shown) supports the contention 
that Ab production by B cells in this compartment is not 
merely a consequence of the nonspecific activation of B 
cells by a cytokine-rich environment such as is found in 
the inflamed mucosa. Two recent studies support our con- 
tention that the intestinal mucosa may be a unique source 
of autoantibody-producing B cells. One study showed that 
mononuclear cells extracted from the colon but not from 
the. peripheral blood, spleen, or draining lymph nodes of a 
UC patient with severe autoimmune hemolytic anemia 
were able to spontaneously produce Ig when cultured in 
vitro. Additionally, only the colon-derived mononuclear 
cells produced IgG with anti-red cell activity, albeit only 
when placed in SCID mice (25). A second report (26) 
showed that oral administration of LPS to antierythrocyte 
autoantibody transgenic mice resulted in the activation of 
peritoneal and LPL B-l cells even in animals that congen- 
ially lacked lymph nodes and Peyer's patches (aly mice), 
suggesting that the cells in these two compartments form 
a common pool independent of Peyer's patches and lymph 
nodes. This latter result indicates that B cells may be di- 
rectly activated in the mucosal compartment by enteric 
Ags, and suggests that the presence of Ab in serum is due 
to spill over of that production. 

Finally, in a preliminary experiment, cultured lympho- 
cytes isolated from the lymph nodes of two UC patients 
exhibited no spontaneous production of pANCA (Table II) 
but could be stimulated to produce pANCA by incubation 
with IL-4 and anti-CD40 (data not shown), suggesting the 
presence of primed but not previously activated autoim- 
mune B cells in this compartment. 
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The ability to detect pANCA presence in UC LPL super- 
natants indicates either a high proportion of pANCA-produc- 
ing B cell clones in the lamina propria of UC patients or a 
high production of pANCA by a small number of B cells 
because B cells account for only about 20% of the LPL frac- 
tion. Further studies will be required to determine whether 
auxiliary cells within the LPL fraction are required for B cell 
secretion of pANCA. However, in preliminary experiments, 
CD19 + cells isolated from LPL of two UC patients were also 
capable of producing pANCA following 12 days of culture. 
Although previous results have indicated an increase in 
"spontaneous" IgG production by LPL from UC patients 
(22), no disease-related Ag-specific responses have yet been 
identified for this IgG fraction. The rinding of ANCA pro- 
duction, especially pANCA production, by the LPL fraction 
of mucosa from UC patients is the first Ag-specific B cell 
response found in UC. 

Recent work has shown a direct pathogenic role for the 
ANCA of Wegener's granulomatosis and systemic vascu- 
litis (27-32). When these Abs bind to the neutrophil sur- 
face, they trigger an array of responses, which culminate 
in target cell destruction (30, 31). By contrast, the pANCA 
generated in UC do not seem to recognize intact (unper- 
mealized) neutrophil surfaces and no alterations in neutro- 
phil function due to UC ANCA binding have been found 
(Vidrich et aL, unpublished observations). Titers of these 
ANCA do not correlate with disease activity or duration 
(8, 10), and the role that these locally produced Abs play 
in the pathogenic process is not yet known. However, a 
number of immune-mediated diseases, such as SLE, pri- 
mary biliary cirrhosis, and chronic active hepatitis are 
closely associated with distinctive patterns of autoantibod- 
ies (33-35). Although these autoantibodies are probably 
not directly pathogenic, they are markers for their partic- 
ular disease and serve as useful tools for the diagnostic and 
genetic evaluation of disease and may have an integral 
place in the immunobiology of the autoimmune response. 

The data presented in this study indicate that pANCA 
are being produced by local B cell populations within the 
lamina propria and are limited to mucosal tissues from UC 
patients. Further, the preliminary data demonstrating the 
induction of pANCA from B cells within MLNs suggests 
that these B cells are being primed in the afferent com- 
partments of the mucosal immune system. It is well known 
that although titers drop, pANCA persist in the serum of 
UC patients following colectomy (8, 10, 11, 36, 37). One 
possible explanation for this persistence is that pANCA 
production is related to and indicative of an underlying 
immune dysregulation, but a more intriguing possibility is 
that lamina propria cells from other parts of the mucosa, in 
particular the small intestine, may well be capable of pro- 
ducing pANCA in patients with UC. Although no direct 
proof is currently available, support for this hypothesis 
comes from recent studies showing that almost 50% of 
patients who undergo colectomy and receive an ileal 
pouch-anal anastomosis eventually develop pouchitis (36, 



38-40). In addition, 88% to 100% of patients who have 
pouchitis express pANCA compared with only 18% to 
50% of patients who do not develop pouchitis (38). These 
studies suggest that pANCA-expressing B cells may reside 
in the mucosa of small bowel. Under appropriate condi- 
tions that result in chronic inflammation, such as are found 
in ileal pouches (i.e., bacterial overgrowth and/or fecal sta- 
sis), these B cells are triggered to express pANCA. Al- 
though it is clear from the current study that lamina pro- 
pria cells from UC patients spontaneously produce 
pANCA, it does not rule out the possibility, as suggested 
by the above-mentioned studies, that other parts of the 
intestine can produce this Ab response and, in conjunction 
with additional factors, give rise to expression of disease. 

B cells can function as APCs for T cell activation in 
vivo (41). This pivotal immunologic role may be funda- 
mental to abridgment of tolerance to self-antigen and in 
the activation of pathogenic T cells. Since preferential Ag 
presentation by B cells reflects the exceptional avidity of 
membrane Ig for specific Ag, then Abs produced by at 
least a subgroup of B cells in autoimmune lesions may 
actually identify the target Ag of the pathogenic T cell 
without direct involvement in the disease pathogenesis 
(41). Understanding pANCA-secreting B cells within the 
mucosa of UC patients and their role in induction of and 
the nature of the response of mucosal T cells will give 
important insight into the mechanism of this disease spe- 
cific inflammatory process and its role in the altered mu- 
cosal inflammation of ANCA-expressing UC patients. 
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Objective: The utility of tests for fecal neutrophils in 
the setting of chronic diarrhea has not been established. 
The purpose of this study was to determine the causes of 
chronic diarrhea associated with fecal neutrophils. 
Methods: One fecal specimen from each of 10 normal 
subjects, 26 patients with known microscopic colitis, 13 
with celiac sprue, eight with Crohn's disease, four with 
ulcerative colitis, and 103 with chronic diarrhea of un- 
known origin, as well as 10 fecal specimens from a 
patient with chronic nongranulomatous enterocolitis 
were analyzed blindly for the presence of a neutrophil 
granule protein called lactoferrin using a commercial 
latex agglutination kit. Diagnostic evaluation of the 103 
patients with chronic diarrhea was carried out to deter- 
mine the diagnostic accuracy of this test for chronic 
inflammatory bowel disease. Results: None of the normal 
control subjects, three of 39 patients with microscopic 
colitis or celiac sprue, all 10 specimens from the patient 
with enterocolitis, and all 12 control patients with ulcer- 
ative colitis or Crohn's disease had a positive fecal lac- 
toferrin test. Eleven of 103 patients with chronic diar- 
rhea presenting without a diagnosis had a positive test, 
and all were diagnosed with an inflammatory condition 
of the colon (five-, ulcerative colitis; four-, Crohn's dis- 
ease; one-, ischemic colitis; and one-, microscopic coli- 
tis). Only one patient with inflammatory bowel disease 
had a negative lactoferrin test. The sensitivity, specific- 
ity, and positive and negative predictive values of the 
fecal lactoferrin test for ulcerative or Crohn's colitis 
were 90%, 98%, 82%, and 99%, respectively. Conclu- 
sion: The major cause of fecal neutrophils in patients 
with chronic diarrhea is chronic inflammatory bowel 
disease of the colon. The latex agglutination test for fecal 
lactoferrin offers a highly sensitive, specific, and simple 
means for detection of fecal neutrophils in these patients. 
(Am J Gastroenterol 1998;93:1300-1305. © 1998 by Am. 
ColL of Gastroenterology) 
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INTRODUCTION 

Evaluation of patients presenting with chronic diarrhea is 
challenging to both generalists and gastroenterologists be- 
cause of the multitude of diseases that cause this symptom. 
For this reason, it would be desirable if the number of 
potential etiologies could be limited by noninvasive, inex- 
pensive screening tests performed at the outset of diagnostic 
investigation. Analytical tests of stool may accomplish this 
objective. One such test involves an analysis of feces for the 
presence of leukocytes; detection of fecal neutrophils in a 
patient with chronic diarrhea (as in the setting of acute 
diarrhea) provides evidence that intestinal inflammation, 
likely involving the colon, is present. 

Staining and microscopy is the traditional method of 
detecting white blood cells in fecal excretions (1, 2). How- 
ever, the utility of this method is limited by several factors. 
These include: the necessity that specimens be refrigerated 
and analyzed vWthin 24 to 48 h before the leukocytes de- 
generate (3, 4); the inability to differentiate confidently 
neutrophils from other leukocytes or other cells (5); physi- 
cian uncertainty of local medical technologist skill and 
experience evaluating fecal specimens; and confusion re- 
garding the significance of vaguely reported results (such as 
"few WBCs seen"). In the last several years, a rapid latex 
agglutination method that immunologically detects a glyco- 
protein substituent of neutrophilic granules, lactoferrin, has 
been developed. The test is highly sensitive for detecting 
fecal leukocytes (i.e., it is able to detect the fecal neutrophil 
microscopy equivalent of one cell per high power field), but 
does not detect monocytes or lymphocytes because these 
cells do not contain lactoferrin (3). This assay for lactofer- 
rin, available commercially as Leuko-Test (from Tech-Lab, 
Blacksburg, VA), circumvents the aforementioned draw- 
backs with fecal neutrophil microscopy. It is advantageous 
in that it has been shown to be more sensitive and specific 
than microscopy for detecting neutrophilic inflammation in 
feces (3, 6-10); it does not require rapid analysis of spec- 
imens because breakdown of leukocyte cell structure does 
not affect test results (3); negative and positive results can 
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be differentiated with little subjective bias; and it has proven 
valuable in the diagnosis of acute inflammatory diarrhea 
caused by bacillary dysentery or Clostridium difficile-in- 
duced pseudomembranous colitis (6-9, 11-13). 

The utility of tests for fecal leukocytes in the setting of 
acute diarrhea has been studied widely (1,2, 14-22). How- 
ever, in patients with chronic diarrhea, the diagnostic im- 
plications of a positive or negative test for fecal neutro- 
phils has not been clearly established. Therefore, in this 
study, we prospectively tested stools from 103 consecu- 
tive patients with chronic diarrhea of undetermined eti- 
ology, 47 patients with known inflammatory bowel dis- 
eases of various histopathologic types, and 10 normal 
control subjects for the presence of neutrophils. Because 
of the apparent advantages and simplicity of the latex 
agglutination test, and because stools were to be collected 
over 48-72 h, we chose to use Leuko-Test rather than 
microscopy. We hypothesized that 1) stools from patients 
with active inflammatory bowel diseases that usually 
involve significant neutrophilic inflammation of the in- 
testine, such as Crohn's disease and ulcerative colitis, 
would be positive for fecal lactoferrin, and therefore, that 
the Leuko-Test would be sensitive for these diagnoses in 
patients with chronic diarrhea; and 2) stools from patients 
with noninflammatory diarrheal conditions or with dis- 
eases that involve mainly mononuclear inflammation, 
such as celiac sprue and microscopic colitis, would be 
negative for lactoferrin (meaning that a positive Leuko- 
Test would be specific for ulcerative colitis or Crohn's 
disease). If this hypothesis is correct, the detection of 
lactoferrin in stools of patients with chronic diarrhea may 
improve the time- and cost-effectiveness of diagnostic 
evaluation by leading to a direct pursuit of inflammatory 
bowel disease. 

METHODS 

Control samples 

Negative controls. Stools from 10 healthy volunteers 
(five men and five women), a normal control group, and 
stools from 26 patients with untreated microscopic colitis 
and 13 with untreated celiac sprue, hypothetically a negative 
disease control group, were tested in duplicate for the pres- 
ence of lactoferrin. 

Positive controls. Eight patients with active untreated 
Crohn's disease (six with disease involving the colon and 
small bowel, two thought to involve only the small bowel), 
and four patients with ulcerative colitis (two newly diag- 
nosed, and two refractory to medical treatment) were tested 
in duplicate for the presence of lactoferrin. Ten fecal spec- 
imens collected over a one-month period from a patient with 
refractory non-granulomatous enterocolitis also were tested 
for lactoferrin. 

The technicians performing these analyses were unaware 
of the diagnoses of any of the patients or subjects in the 
negative and positive control groups. 



Patient samples 

Patients with chronic diarrhea of unknown etiology. 
Stools from 103 consecutive patients presenting to Baylor 
University Medical Center over a 6-month period (Feb- 
ruary through August, 1997) for evaluation of chronic 
diarrhea of unknown etiology were tested prospectively 
for the presence of lactoferrin. All patients had completed 
a 48- or 72-h quantitative fecal collection that was 
weighed and analyzed for its electrolyte and fat content. 
These data were used to guide further diagnostic inves- 
tigation by their physicians that ultimately led to a final 
diagnosis. However, the physicians conducting these in- 
vestigations were unaware of the Leuko-Test results. 
Patients underwent extensive evaluation (including endo- 
scopic biopsies of the colon and small intestine, quanti- 
tative culture of small intestinal contents, small bowel 
radiography, and, when appropriate, assay of various 
hormones in blood and/or urine, and a CT scan of the 
abdomen) before their diarrhea was ascribed to the "id- 
iopathic" variety. 

Two hundred gram aliquots from the stool collections 
were frozen for possible future retesting. Frozen stools from 
patients ultimately discovered to have inflammatory bowel 
disease were thawed at study's end and reanalyzed for the 
presence of lactoferrin to assess the reproducibility of the 
Leuko-Test and the stability of lactoferrin under these stor- 
age conditions. 

Method of fecal l actoferrin detectio n 

The commerciafLeufco-Test ^frVTerhrah, Blacksburg, 
VA) was used to detect lactoferrin in stools as follows: 50 
ftl of stool was placed on a test card and diluted 50-fold 
with 2.5 ml of a buffered protein solution containing 
0.1% sodium azide (supplied with the kit). One drop of a 
solution containing rabbit-IgG antibody sensitized to hu- 
man lactoferrin and attached to latex beads was then 
added. In the presence of lartojgrxia, the beads aggluti- 
nate and appear as white particulate matter visible on the 
black background of the test card (a positive test). Each 
specimen was analyzed in the presence of a positive and 
negative control provided with the kit. The test takes less 
than 5 minutes to complete and materials cost approxi- 
mately $5 per test. 

Analysis of fecal occult blood 

Several studies of acute infectious dysentery have 
touted the benefits and simplicity of a guaiac card test 
detecting hemoglobin as a surrogate marker of intestinal 
inflammation (9, 19-22). Therefore, to explore this issue 
in the setting of chronic diarrhea, fecal specimens from 
the 103 patients presenting without a diagnosis were 
tested for the presence of occult blood with Hemoccult II 
(SmithKline Diagnostics, San Jose, CA) in standard 
fashion. 
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Table 1 

Results of Fecal Lactoferrin Testing in 103 Patients With Chronic 
Diarrhea and Their Final Diagnoses 



Diagnoses in 1 1 Patients With a Positive Fecal Lactoferrin Test 



Diagnosis No. of Patients 

Ulcerative colitis 5 
Crohn's disease of small bowel and colon 4 
Ischemic colitis 1 
Microscopic colitis 1 



Diagnoses in 92 Patients With a Negative Fecal Lactoferrin Test 
Diagnosis No. of Patients 



Secretory diarrhea* 46 

Malabsorption! 29 

Microscopic colitis 8 

Celiac sprue 5 

Microscopic colitis and celiac sprue 3 

Ulcerative colitis}: 1 



* Characterized by a high concentration of electrolytes in stool without 
steatorrhea; causes of diarrhea mainly were idiopathic but also laxative 
abuse, irritable bowel syndrome, postcholecystectomy, diabetes, and fecal 
incontinence. Pathophysiological^ some of these etiologies are not secre- 
tory processes, per se. 

f From pancreatic disease, non-inflammatory short bowel syndrome, 
postgastrectomy, hyperthyroidism, and cholestasis. 

% Upon repeat testing, the fecal specimen from this patient was positive 
for lactoferrin. 



RESULTS 

Fecal lactoferrin in normal subjects and patients with 
known causes of chronic diarrhea 

All of the fecal specimens from the normal subjects were 
negative for lactoferrin. Only two of 26 patients with mi- 
croscopic colitis (8%), and one of 13 patients with celiac 
sprue (8%) had a positive Leuko-Test In contrast, all 12 
patients with known Crohn's disease or ulcerative colitis 
had lactoferrin detected in stools, as did all 10 fecal speci- 
mens from the patient with nongranulomatous enterocolitis. 
Duplicate testing displayed 100% concordance with initial 
results. 

Fecal lactoferrin in patients with chronic diarrhea of 
unknown cause and their final diagnoses 

Eleven of the 103 patients with chronic diarrhea had a 
positive fecal lactoferrin test on initial testing of fresh stool 
and later repeat testing of thawed frozen stool. All of these 
patients were ultimately discovered to have an inflammatory 
disease of the colon: five had newly diagnosed ulcerative 
colitis, four had active Crohn's disease involving both small 
bowel and colon (three newly diagnosed, one established), 
one had ischemic colitis involving the right and transverse 
colon, and one had microscopic colitis (Table 1). 

Of the 92 patients with chronic diarrhea of unknown 
origin and a negative fecal lactoferrin test, only one was 
diagnosed with active inflammatory bowel disease (ulcer- 
ative colitis; see Table 1). The stool specimen from this 



Table 2 

Sensitivity, Specificity, and Predictive Value of the Fecal Lactoferrin 
Test for Ulcerative Colitis and Crohn 's Disease in Patients With 
Chronic Diarrhea 



Sensitivity 9 true positives -5- 10 with disease = 90% 

Specificity 91 true negatives -s- 93 without disease = 98%* 

Positive predictive 9 true positives -s- 1 1 total positives = 82%* 
value 

Negative predictive 91 true negatives + 92 total negatives = 99% 
value 

* 100% for any inflammatory disease of the colon (including one case 
of ischemic colitis and one of microscopic colitis). 

patient, which had been stored frozen following initial anal- 
ysis (as all specimens had), was thawed after 2 months of 
storage and retested with the Leuko-Test on two separate 
occasions (2 wk apart). On repeat analysis, the test was 
positive both times. The remaining 91 patients with a neg- 
ative fecal lactoferrin test were discovered to have a variety 
of diagnoses. Most of these diagnoses were noninflamma- 
tory; 16 had celiac sprue, microscopic colitis, or both (Table 
1). 

From these results, the sensitivity, specificity, and posi- 
tive and negative predictive values of the Leuko-Test for 
active ulcerative colitis or Crohn's disease as a cause of 
chronic diarrhea were calculated and are shown in Table 2. 
Although the positive tests in the two patients with ischemic 
colitis or microscopic colitis probably represent true posi- 
tives in terms of the presence of fecal neutrophils, for the 
purposes of the calculations in Table 2, they are considered 
false positives (because they are not the inflammatory dis- 
eases hypothesized to be detected by Leuko-Test; see Intro- 
duction). 

Results of fecal Hemoccult testing and correlation with 
fecal lactoferrin 

Table 3 shows the results of testing for fecal occult blood 
by Hemoccult II and its correlation with results of the 
Leuko-Test in patients with the major causes of chronic 
diarrhea identified. Occult blood was detected in seven of 
the 11 patients (64%) with inflammatory bowel disease 
accompanied by neutrophilic inflammation (i.e., ulcerative 
colitis, Crohn's disease, or ischemic colitis). Twenty-two of 
the 92 patients with mononuclear inflammatory diseases or 
noninflammatory diagnoses (24%) had Hemoccult-positive 
stools. 

DISCUSSION 

In this study, we hypothesized that a latex agglutination 
test that immunologically detects the neutrophil granule 
protein lactoferrin in stool would be sensitive and specific 
for causes of chronic diarrhea associated with neutrophilic 
inflammation, mainly Crohn's disease and ulcerative colitis. 
This hypothesis was substantiated, as 17 of 18 patients 
either known or found to have these latter diseases had 
lactoferrin detected in stool. Although one patient each with 
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Table 3 

Correlation of Fecal Leuko-Test and Hemoccult II in the Major Causes of Inflammatory and Noninflammatory Chronic Diarrhea Identified 



Disease 


n 


Leuko-Test 


Hemoccult II 










(+) 


(-) 


(+) 


(-) 


Neutrophilic inflammatory diseases 










Ulcerative colitis 


6 


5 


1 


4 


2 


Crohn's disease 


4 


4 


0 


2 


2 


Ischemic colitis 


1 


1 


0 


1 


0 


Total 


11 


10 


1 


7 


4 


Mononuclear inflammatory diseases 












Celiac sprue* 


8 


0 


8 


3 


5 


Microscopic colitis 


9 


1 


8 


0 


9 


Total 


17 


1 


16 


3 


14 


Noninflammatory diseases 












Secretory diarrhea 


46 


0 


46 


9 


37 


Malabsorption 


29 


0 


29 


10 


19 


Total 


75 


0 


75 


19 


56 



* Three of these patients also had microscopic colitis. 



ischemic colitis and microscopic colitis also had a positive 
fecal lactoferrin test, no patient without intestinal inflam- 
mation tested positive. These results were obtained under 
the most ideal of analytical circumstances; the technicians 
performing the lactoferrin tests were unaware of the pa- 
tients' diagnoses and the physicians making the diagnoses 
were unaware of the results of the lactoferrin test. 

A second aspect of our hypothesis was that chronic di- 
arrheal conditions that strike mainly a mononuclear cell 
reaction in intestinal tissue or that are not associated with 
any form of inflammation would not be associated with 
fecal lactoferrin. For the most part, this also was true as no 
patient with a noninflammatory condition had a positive 
test, and only four of 55 patients with microscopic colitis or 
celiac sprue (7%) had lactoferrin detected in stool. (It is 
known that some of these patients manifest a mild mucosal 
neutrophilic inflammatory response) (23, 24). Although 
these results are consistent with the mainly plasmacytic and 
lymphocytic inflammatory reaction of these diseases, they 
are in contrast to one study that reported a 55% prevalence 
of "fecal leukocytes" by microscopy in 116 patients with 
microscopic colitis (25). Because of the limitations of mi- 
croscopic examination of stool for leukocytes outlined in the 
Introduction, this test was not performed in our patients' 
stool specimens collected quantitatively over 2-3 days. 
Thus, although this discrepancy cannot be resolved at this 
time, it is possible that the fecal leukocytes reported to be 
present in the previous studies of microscopic colitis (25, 
26) in fact were mononuclear cells or eosinophils, rather 
than neutrophils. It is unlikely that neutrophils can be seen 
by fecal microscopy but not detected by the lactoferrin test, 
inasmuch as the Leuko-Test has routinely been more sen- 
sitive than microscopy in studies of acute diarrhea, and the 
threshold number of neutrophils per high power microscopy 
field that incites a positive Leuko-Test is one (3). 

The utility of a positive fecal test for lactoferrin in pa- 



tients with acute diarrhea has come to light recently as a 
possible means of reducing the cost and improving the yield 
of subsequent diagnostic tests, mainly bacterial cultures (9, 
12). Based on the excellent sensitivity, specificity, and pre- 
dictive value of the Leuko-Test for neutrophilic intestinal 
(mainly colonic) inflammation found in this study, the same 
may be true of chronic diarrhea. A positive fecal lactoferrin 
test discovered at the outset of investigation of a patient with 
chronic diarrhea would appropriately direct the workup to 
an endoscopic procedure of the colon to inspect and ran- 
domly biopsy the mucosa. If this was unrevealing, a small 
bowel barium X-ray looking for Crohn's disease or perhaps 
celiac sprue probably would be the most useful next step. 
The Leuko-Test also may be beneficial in confirming a 
diagnosis of inflammatory bowel disease (e.g., when sus- 
pected by X-ray) or determining whether such disease is 
active (25). It is also worth reiterating that in our series of 
103 of patients with chronic diarrhea, a negative fecal lac- 
toferrin test had a 99% predictive value for ruling out 
inflammatory bowel disease. 

There is only one other study of which we are aware that 
has investigated the significance of fecal leukocytes in a 
cohort of patients with chronic diarrhea (28). In this Bra- 
zilian study, 42 of 1680 patients with "chronic bowel dis- 
eases" (2.5%) had fecal leukocytes detected in stool by 
microscopy. Thirty-five had chronic idiopathic inflamma- 
tory bowel disease (ulcerative colitis in 33, Crohn's disease 
in 2), four had colonic carcinoma, two had amebic colitis, 
and one had eosinophilic colitis. Because the final diagnoses 
in the patients without fecal leukocytes were not investi- 
gated in this study, the sensitivity and negative predictive 
value of fecal leukocyte microscopy in the setting of chronic 
diarrhea remains unknown. In our study, 10 of 103 patients 
(10%) were diagnosed with ulcerative colitis or Crohn's 
disease, nine of which were identified on initial testing using 
the fecal lactoferrin test. In contrast, only 35 of 1680 pa- 
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tients in Brazil (2%) had inflammatory bowel disease de- 
tected by the presence of fecal leukocytes. Acknowledging 
the possibility that more patients in Brazil may have non- 
inflammatory infectious chronic diarrhea relative to our 
population, and that our institution is a U.S. tertiary care 
hospital, nevertheless, the lower yield of chronic inflamma- 
tory diagnoses by microscopy versus that discovered by the 
Leuko-Test in part may relate to a lower sensitivity for the 
detection of fecal neutrophils by microscopy. 

In our study, stools from the individuals in the positive 
and negative control groups and from patients found to have 
inflammatory bowel disease were tested in duplicate. Only 
one paired test gave contradictory results. This was from a 
patient with active ulcerative colitis who initially was found 
to have a negative fecal lactoferrin test but who had a 
positive result twice when the same fecal specimen (stored 
frozen and thawed) was retested on two separate occasions. 
Although the initial test result represents a false negative 
relative to the patient's diagnosis (due either to failure of the 
test or the technician), it is possible that from a technical 
standpoint, it was a true negative, and that the difference 
between the negative and positive results reflects variation 
in the concentration of lactoferrin in different areas of the 
same sample. The stool specimen from this patient had a 
soft rather than liquid consistency, so that lactoferrin may 
not have distributed evenly despite our best attempts at 
homogenization. Confirming that this patient had lactoferrin 
in stool upon repeat testing is important because it suggests 
that all patients with chronic diarrhea caused by active 
inflammatory bowel disease do have neutrophilic cell prod- 
ucts in stool that can be detected immunologically, but that 
in rare cases duplicate testing may be necessary. However, 
with the excellent diagnostic accuracy of the initial Leuko- 
Test results found in this study (Table 2), it seems that the 
benefits of performing the test in duplicate (/.c, from two 
different areas of the stool specimen, analogous to the 
method of Hemoccult testing) in all patients would not 
outweigh the disadvantage of the added cost of test materials 
(albeit, this is only $5 per test). Alternatively, such duplicate 
testing may be indicated for an initial negative result if the 
clinical suspicion for inflammatory bowel disease is high, 
and the consistency of the diarrheal stool specimen is soft 
rather than liquid. 

Although the hemoccult test was developed to specifi- 
cally screen for colon cancer, it is often used more generally 
to detect fecal occult blood from any source, the way guaiac 
based methods have been used for >130 yr (29). In the 
setting of acute diarrhea, the presence of gross blood in stool 
usually is equated with the presence of intestinal inflamma- 
tion (mainly colitis). Except for malignancy, the same prob- 
ably is true for diseases causing chronic diarrhea. However, 
because not all patients with inflammatory bowel disease 
have gross bleeding, and as shown in this study, only 64% 
even have occult bleeding, Hemoccult testing per se will 
have a low sensitivity for detecting Crohn's disease or 
ulcerative colitis in patients with chronic diarrhea. More- 



over, inasmuch as many chronic diarrhea patients without 
intestinal inflammation also have positive fecal Hemoccult 
tests (24% in this study), the specificity is also poor. 
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ABSTRACT 

Assessment of disease activity in inflammatory bowel dis- 
ease (IBD), i.e., ulcerative colitis (UC) and Crohn's disease 
(CD), is done using clinical parameters and various biolog- 
ical disease markers. Ideally, a disease marker must: be able 
to identify individuals at risk of a given disorder, be disease 
specific, mirror the disease activity and, finally, be easily 
applicable for routine clinical purposes. However, no such 
disease markers have yet been identified for IBD. In this 
article, classical disease markers including erythrocyte sed- 
imentation rate, acute phase proteins (especially orosomu- 
coid and CRP), leukocyte and platelet counts, albumin, 
neopterin, and /^-microglobulin will be reviewed together 
with emerging disease markers such as antibodies of the 
ANCA/ASCA type, cytokines (e.g., IL-1, IL-2Ra, IL-6, 
IL-8, TNF-a, and TNF-a receptors) and with various adhe- 
sion molecules. It is concluded that none of the pertinent 
laboratory surrogate markers of disease activity in IBD are 
specific or sensitive enough to replace basic clinical obser- 
vation such as the number of daily bowel movements, gen- 
eral well-being, and other parameters in parallel. Further 
studies are highly warranted to identify and assess the clin- 
ical importance and applicability of new laboratory markers 
for the diagnosis or the disease activity of IBD. (Am J 
Gastroenterol 2000;95:359-367. © 2000 by Am. Coll. of 
Gastroenterology) 

INTRODUCTION 

Chronic inflammatory disorders of the intestine, i.e., inflam- 
matory bowel disease (IBD), comprise two major disease 
entities: ulcerative colitis (UC) and Crohn's disease (CD). 

Numerous clinical activity indices are used in relation to 
IBD (1), but they all give only indirect assessments of 
disease activity, and none is accurate in assessing inflam- 
matory activity as found by histopathological or endoscopi- 
cal examination. In UC the most widely used clinical pa- 
rameters are the number of daily bowel movements and the 
presence of bloody stools, whereas albumin, hemoglobin, 
erythrocyte sedimentation rate (ESR), and elevated acute- 
phase protein levels are commonly used biological param- 



eters. For CD disease activity, daily bowel movements and 
the presence of abdominal pain and/or discomfort are the 
parameters most frequently used clinically, whereas serum 
levels of orosomucoid and C-reactive protein (CRP) are 
classical laboratory tests (2). Definition of disease activity is 
a major problem in IBD. Optimally, a disease activity index 
should reflect both clinical measures such as fever, diarrhea, 
abdominal pain, gut inflammation, general well-being, and 
quality-of-life. Above all, it should reflect the patient's 
overall condition. Several compound indices have been 
used: e.g., Crohn's Disease Activity Index (CDAI), True- 
love, and Harvey-Bradshaw, but they are almost invariably 
too complex to be applied in everyday clinical practice. To 
some extent the degree of inflammation correlates with the 
well-being of the patient (3) and may, for research purposes, 
be used as a "disease activity" measurement. However, 
whether the inflammation is best determined from systemic 
factors or from the bowel itself is controversial. Further- 
more, the many indices indicate that none of them to date is 
adequately reliable and valid. Hence, evaluation of the po- 
tential use of laboratory markers must, until a "gold stan- 
dard" for disease activity is found, rely on an overall as- 
sessment of the severity of disease. References to disease 
activity in this review are made to the various activity 
indices or parameters used in the study in question. 

Various biological markers of inflammation have been 
used for the diagnosis and assessment of prognosis and 
success of therapy in IBD. Quantitative assessment of the 
degree of active inflammation is of great clinical impor- 
tance, and the requirements of biological disease markers 
are therefore multiple. A disease marker must ideally be 
able to identify individuals at risk for a given disease, be 
disease-specific, i.e., be able to distinguish IBD patients 
from other patients, distinguish UC from CD, and be able to 
monitor disease activity. It should also be capable of mon- 
itoring the effect of treatment and should give prognostic 
information. Furthermore, markers should be easily appli- 
cable for screening purposes. The demands imply both 
simple and minimally invasive sampling as well as fast and 
simple analysis procedures. Finally, disease markers should 
be inter- and mtraindividually reproducible with regard to 
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both laboratories and patients. No marker launched so far 
encompasses all of these characteristics. Even when analyz- 
ing the results of a broad panel of surrogate markers with 
computer software, these aims cannot be met at the present 
time. The commonly used laboratory markers are, even at 
their best, not specific with respect to inflammation in the 
gut, as they reflect the degree of inflammation in the whole 
body. They need to be carefully evaluated together with the 
patient history and clinical examination as well as with 
information from diagnostic imaging and endoscopy (1). 

To identify appropriate surrogate markers of disease or 
disease activity, several attempts have been made to screen 
and to investigate IBD patients during the natural course of 
the disease (individuals at risk, as well as subjects under- 
going therapy) (4, 5). Both "classical" and "emerging" bi- 
ological activity markers of relevance for IBD will be re- 
viewed in the succeeding part of this article. 

"CLASSICAL" MARKERS 

Erythrocyte Sedimentation Rate 
(ESR) and Acute Phase Proteins 

ESR, which is the rate at which erythrocytes fall through 
plasma, is a classical marker of the acute phase response, 
and is still widely used (6). It varies with plasma protein 
concentrations and the hematocrit value, and in IBD pro- 
vides a crude and rapid assessment of the plasma protein 
alterations of the acute phase response. Thus, in general, the 
ESR is an indirect measurement of plasma acute phase 
protein concentrations, and is greatly influenced by the size, 
shape, and number of erythrocytes as well as by other 
plasma constituents such as immunoglobulins. As the levels 
of many serum proteins vary in EBD, and as some have long 
half-lives, the ESR is not necessarily accurate and timely in 
reflecting major changes in the clinical state. The ESR may 
take several days to decrease even when rapid clinical 
improvement occurs. In UC where clinical, endoscopic, and 
histological grading of disease severity may be used to 
assess the overall disease activity, the correlation between 
ESR and disease activity is good (7, 8). ESR is, however, 
not useful in distal proctitis, presumably because of the 
relatively small intestinal area involved in the disease pro- 
cess in this case. In CD the use of ESR also appears to be 
questionable. ESR does actually increase with increasing 
disease activity (9), but it correlates to a higher degree with 
colonic CD involvement than with CD localized to the small 
bowel (10). 

Classical acute phase proteins are orosomucoid (a r acid 
glycoprotein), CRP, fibrinogen, lactoferrin, serum amyloid 
A, and a, -antitrypsin. The levels of circulating orosomucoid 
and CRP both correlate with disease activity of IBD as 
assessed by standard indices (2, 9, 11). Furthermore, circu- 
lating orosomucoid levels correlate with the protein loss into 
the gut (11), but the 5-day half-life in serum limits its 
usefulness as an indicator of improvement in disease activ- 
ity. CRP has a significantly shorter half-life of 19 h, which 



explains the more rapid decrease in serum concentration 
after reduction of inflammatory activity in IBD (12). Pre- 
liminary results indicate a r antitrypsin and lactoferri n in 
feces as both sensitive and bowel-specific markers of dis- 
ease activity of IBD (13). 

Leukocytosis 

Active IBD often causes an elevation of the white blood cell 
(WBC) count, predominantly due to an increase in poly- 
morphonuclear leukocytes (PMNs) (14). Although systemic 
glucocorticoid treatment may specifically increase the gran- 
ulocyte count, other immunosuppressants may lower it. In 
CD, the presence of abscesses may lead to elevated PMN 
counts, while complicating lymphangiectasia results in lym- 
phocyte loss through the intestinal wall, and thus a reduced 
number of circulating T cells (15). In some UC patients a 
distinct leukocytosis occurs, which, at the tissue level, may 
be associated with the healing phase (16). However, in 
general, this marker is not useful for assessment of IBD 
activity in clinical practice. 

Platelets 

In IBD, the platelet count correlates with disease activity. 
Platelet levels exceeding 400 X 10 9 /L are more common in 
severe than in mild or moderate UC, and in CD the platelet 
count correlates with CDAI (17, 18). As the platelet count 
has a fairly wide normal range and a small range of abnor- 
mality, and as other compounding factors such as hemor- 
rhage of any sort can raise the platelet count, this parameter 
is not widely used in clinical practice. 

Albumin 

Serum albumin levels decline in active disease, although 
other factors such as protein loss from the gut, as well as 
malnutrition, may influence albumin concentrations (19). 
Extremely low serum albumin levels can be used as a 
predictor of the outcome of medical treatment in severe 
exacerbations of UC {i.e., patients eventually requiring sur- 
gery) (20). 

Neopterin 

Neopterin, a pteridine intermediate metabolite in the syn- 
thetic pathway of biopterin, is synthesized and released from 
monocytes/macrophages upon nonspecific stimulation. Its 
value as a marker of T-cell, monocyte, and macrophage 
activation has been shown in a number of disorders includ- 
ing various infectious, inflammatory, autoimmune, and ma- 
lignant diseases (21). Along with the known activated cel- 
lular immunity in IBD, both elevated urine and serum levels 
of neopterin are seen. The level of neopterin in urine as well 
as in serum has been shown to correlate with disease activity 
of both CD (22, 23) and UC (24). Increases of neopterin 
levels, however, are not IBD-specific, as it simply reflects a 
condition in which T cells, monocytes, or macrophages are 
activated. Measurements of this marker in urine or serum 
may, however, provide additional information about the 
grade of activated cellular immunity in IBD. 
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^Microglobulin 

/^-Microglobulin is a low molecular weight protein consti- 
tuting the light chain of HLA class I antigen on the cell 
membranes of all nucleated cells, especially abundant in 
lymphocytes, macrophages, and endothelial cells. Elevated 
levels of this marker are thought to reflect increased release 
of the protein primarily from activated T-cells and neutro- 
phils (25). Pj-Mrcrogtobuhn is passively filtered through 
renal glomeruli with almost all being reabsorbed and me- 
tabolized in the proximal tubuli of the kidneys (26). Mea- 
surements of serum /3 2 -microglobulin have primarily been 
used as a sensitive indicator of renal function. Elevated 
levels are found in patients undergoing chronic hemodialy- 
sis and in various disorders including autoimmune disorders 
(26), malignant disease (primarily hematological) (27), liver 
disease (28), sarcoidosis (29), cardiomyopathy (30), and 
coeliac disease (31). 

The use of ^-microglobulin as a disease activity marker 
in IBD has been only sparsely investigated. To our knowl- 
edge, only one study involving seven UC patients has been 
published, and no correlation between ^-microglobulin 
levels and clinical disease activity was found (32). In CD 
there are also very few studies involving relatively small 
numbers of patients, and the results are somewhat conflict- 
ing. In one study, elevated levels of /3 2 -™croglobulin were 
found in CD correlating with clinical disease activity and 
distinguishing active disease from quiescent disease (33). 
These findings were confirmed in two later studies (34, 35). 
Yet another study did not find any correlation to clinical 
disease activity, no difference between active and quiescent 
disease, and no difference between patients and controls 
(36). Also, no correlation between ^-microglobulin levels 
and clinical disease activity was found in a small study 
involving only children with CD and UC (32). 

The known involvement of cellular immunity in CD 
could indicate the possibility that /^-irucroglobulin is ap- 
plicable as a marker of disease activity. However, further 
studies are needed until any conclusion can be drawn upon 
this question. 

"EMERGING" MARKERS 

ANCA/ASCA 

Antineutrophil cytoplasmic IgG antibodies (ANCAs) are 
classically associated with vasculitis, especially Wegener's 
granulomatosis, in which measurements of serum levels of 
ANCA are used for diagnostic, monitoring, and prognostic 
purposes. In addition, ANCAs are found in other chronic 
inflammatory disorders, most notably in rheumatoid arthritis 
and in UC (37, 38). In both conditions, the immunofluores- 
cence pattern is of the perinuclear ANCA (pANCA) staining 
type. The exact identity of the reactive antigen(s) has re- 
mained elusive, but the autoantigens are clearly distinct 
from the specificities commonly involved in vasculitis (pro- 
teinase^ and myeloperoxidase) (39, 40). A characteristic 
feature of the pANCA found in UC appears to be the 



disappearance of reactivity on DNase-treated neutrophils 
(41, 42), but the methodology is not yet standardized. Re- 
cently, the pANCA antigens have been tentatively identified 
as the non-histone chromosomal proteins, HMG1 and 
HMG2 (43). No apparent correlation between the presence 
and titer of pANCA and IBD duration, activity, localization, 
patient age, sex, or treatment has been demonstrated (40). 
However, pANCA is much more common in UC (50-70%) 
than in CD, in which the prevalence (5-10%) is only slightly 
higher than that found in healthy individuals (3-4%) (44). 
This 5-10% might designate a clinically distinct subpopu- 
lation of CD patients (45). 

Although the presence of ANCA is characteristic of UC, 
another class of antibodies (IgG and IgA) directed against 
the phosphopeptidomannan part of the cell wall of Saccha- 
romyces cerevisiae (baker's yeast) (anti-Saccharomyces 
cerevisiae antibodies, ASCA) are emerging as serological 
markers for CD (46). Various studies have addressed the 
fine specificity of these antibodies, and differences in reac- 
tivity with extracts from different yeast strain mannans have 
been demonstrated (46, 47). Despite the lack of standard- 
ization within this area, in some studies elevated titers of 
IgG and/or IgA ASCA have been found in 50-80% of CD 
patients but rarely (<10%) at similar titer levels in UC 
patients or in healthy controls (<5%) (42, 43, 47). ASCA 
might therefore be a serological marker of high diagnostic 
specificity for CD, although its diagnostic sensitivity is 
intermediate. In contrast to pANCA, the ASCA titer may 
reflect disease activity, as it decreases after resection of 
damaged gut tissue (42), but further studies are needed to 
confirm and to elaborate upon this. Family studies indicate 
that ASCA may be used to identify individuals at risk for 
CD, as ASCA is present with increased frequency as com- 
pared to that in individuals with no family history of CD in 
first degree relatives of IBD patients (48). 

Sensitivities are too low to advocate the ANCA or the 
ASCA tests as the only diagnostic tool in UC or CD (49- 
51), but the combined measurement of pANCA and ASCA 
may be used advantageously in the subclassification of IBD 
patients with mdeterminate colitis (44, 47). Both antibody 
specificities are measured by traditional quantitative solid 
phase immunosorbent assays, and they are highly specific 
(>90%) for both UC and CD with a disease sensitivity 
around 50% in both cases. The differential diagnostic spec- 
ificity of ANCA for UC and ASCA for CD is unique among 
the many potential markers covered in the present review. 
Future prospective studies using standardized assays and 
prolonged follow-up periods are needed to extend the indi- 
cations for diagnostic applications of these antibodies. 

Cytokines 

The inflamed intestine in IBD is characterized by T cell 
activation and mucosal influx of inflammatory cells, partly 
mediated by an increased local release of cytokines and 
chemokines and partly as the relative increased expression 
of specific chemokine receptors. Proinflammatory cytokines 
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produced by activated phagocytes, especially macrophages 
and T lymphocytes, are of central importance in the chronic 
inflammation of IBD. As related receptors with different 
affinities and cross-reactive binding capacities are present 
on leukocytes, relative differences in the receptor distribu- 
tion and receptor affinity for specific chemokines may sig- 
nificantly influence which cells ultimately are attracted and 
activated in IBD. 

The expression of proinflammatory cytokines in the in- 
testinal mucosa from IBD patients is markedly enhanced, 
although not always accompanied by increased concentra- 
tions of cytokines in the circulation. Future investigations 
will clarify the significance of impairments of the cytokine 
network for the initiation and progression of IBD. The 
complex pattern of chemokine-orchestrated chemotaxis, 
leukocyte activation, granulocyte exocytosis, increased pro- 
duction of metalloenzymes, and up-regulation of respiratory 
burst activity indicate that chemokines increase and perpet- 
uate inflammation and chronic intestinal tissue destruction 
in IBD by a variety of different mechanisms. 

TNF-a AND RECEPTORS. TNF-a is secreted primarily 
by activated macrophages and monocytes (52). Treatment 
with anti-TNF antibodies in both CD and UC refractory to 
conventional medical treatment has shown promising results 
(53-55), indicating that this cytokine has a pivotal role in 
IBD. 

Increased numbers of TNF-a secreting cells have been 
found in inflamed mucosa in IBD (especially CD) (56). 
Spontaneous TNF-a production from isolated lamina pro- 
pria mononuclear cells from both inflamed IBD mucosa and 
macroscopically uninvolved CD mucosa has been found to 
be increased when compared to that in normal mucosa (57, 
58). In one study, a close correlation of TNF-a production 
with the degree of tissue involvement and mucosal inflam- 
mation was found (57). Increased peripheral blood mono- 
nuclear cell production of TNF-a has also been revealed in 
both CD and UC (59). 

Elevated serum TNF-a (highest in colonic CD) correlat- 
ing with clinical and laboratory indices of disease activity, 
and in UC associated with severe disease leading to surgery, 
has been described (59-62). One study, however, did not 
find any differences in serum TNF-a levels between IBD 
and functional bowel disease (63), and another study found 
only a statistically insignificant tendency toward higher 
TNF-a levels in active IBD as compared with that in healthy 
volunteers (64). 

The results are also somewhat conflicting regarding mea- 
surement of TNF-a in stools from IBD patients. Signifi- 
cantly increased stool concentrations in both active CD and 
UC have been found (65, 66) with levels decreasing to those 
of healthy controls in inactive disease (67). One report 
showed increased TNF-a concentrations in stools from ac- 
tive UC, whereas the levels in both CD and inactive UC 
were similar to healthy and inflammatory controls. Further- 
more, a significant reduction in TNF-a concentrations after 



clinical resolution in both UC and CD has been described 
(67). 

Circulating levels of the soluble receptors TNF-RI p(55) 
and TNF-RH (p75) have been described as being signifi- 
cantly increased, correlating with disease activity in both 
CD and UC in two studies (62, 68). Another study could not 
reproduce this finding in active CD (69). Significantly 
higher levels of both soluble TNF-RI (p55) and TNF-RH 
(p75) in urine from patients with active UC and CD, both in 
comparison to inactive patients and healthy controls, have 
been described, and the levels correlated with clinical dis- 
ease activity (70). 

From the available literature TNF-a does not seem to be 
promising as a marker of activity in IBD (64), and the large 
interindividual variation of the levels remains problematic. 
Stool measurements of TNF-a may be more promising, but 
it remains to be confirmed whether stool levels in UC, CD, 
or both are valid in the monitoring of disease activity. 

The use of soluble TNF receptors (both serum/plasma and 
urine) as activity markers in IBD might be reliable, but 
further studies must be performed before general implemen- 
tation can be advocated. The noninvasive measurements, 
especially, could be interesting as a tool for the monitoring 
of disease activity (71). 

IL- 1 AND IL- 1 RA. Interleukin- 1 (IL- 1 ), a proinflammatory 
cytokine, and its natural counter receptor, IL-1 receptor 
antagonist (IL-lra), play major roles in the regulation of 
inflammation (72). 

IL-lra inhibits the proinflammatory actions of IL-1 by 
binding to its receptors on target cells. IL-lra has no known 
agonist effects. Two IL-lra variants have been described: a 
secreted form produced by mononuclear cells, and an intra- 
cellular form found in keratinocytes and other epithelial 
cells. The findings of high plasma and tissue levels of IL-lra 
in patients with various inflammatory diseases such as rheu- 
matoid arthritis and IBD indicate that IL-lra may be part of 
the host's homeostatic mechanisms aimed at down-regulat- 
ing inflammation. Several studies have shown that the IL- 
lra/IL-1 ratio decreases with increasing IBD activity (73). 
Thus, it is suggested that a deficit in endogenously produced 
IL-lra is of pathogenic importance in IBD. Furthermore, 
one study has described increased levels of IL-lra in active 
CD and UC that were, however, not as pronounced as the 
increase of IL-1 compared with inactive IBD and with 
infectious colitis patients (74). 

DL-2R. T cell activation and expansion of T cell clones 
involves IL-2 generation by T cells themselves, and the 
activated T cells further shed IL-2-receptor (IL-2R) in a 
soluble form into the circulation. In IBD, the measurement 
of elevated soluble IL-2 receptor levels has potential advan- 
tages over acute phase proteins in that it more accurately 
reflects the underlying immunopathogenic process (75). The 
IL-2R is more stable and therefore possibly more reliable for 
detection in the circulation than IL-2 and consists of three 
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chains: p55 (CD25, a chain); p75 (CD 122, 0 chain); and 
p64 (CD132, y chain). It has been shown that levels of 
IL-2Ra correlate positively with increasing disease activity 
in both UC and CD (76). Although IL-2R/3 levels also 
increase with increasing disease activity in CD, circulating 
IL-2R/3 decreases with increasing disease activity in UC, 
which indicates different mechanisms in UC and CD (77). 
Increased IL-2Ry levels are found in active CD but not in 
UC (78). Finally, a study of the IL-2R (a-chain) in colonic 
lamina propria have shown elevated concentrations in UC 
but not in CD mucosa as compared to control colonic 
mucosa (79). 

IL-6. IL-6, which is produced by macrophages and T cells 
(80), promotes the differentiation of B cells, acts as cofactor 
in the stimulation of T cells, and induces hepatic release of 
acute phase proteins. Several studies have shown elevated 
serum levels of IL-6 in active CD but not in UC, in which 
levels not always differed from those of healthy controls 
(81, 82). Immunohistochemical studies on its expression in 
intestinal tissue reveal only infrequent colonic epithelial 
expression, irrespective of the presence of inflammation 
(83). However, increased levels of IL-6 mRNA are found in 
actively inflamed IBD mucosa as compared to healthy con- 
trols. 

Elevated circulating levels of IL-6 receptor (IL-6R) have 
been detected both in active UC and in CD when compared 
to inactive disease stages. It has been proposed that soluble 
IL-6R affects the bioavailability of its ligand during inflam- 
mation (84, 85). In contrast to other soluble cytokine recep- 
tors that block the cellular actions of their physiological 
cytokine ligands, the opposite is the case for IL-6. Thus, a 
genetically engineered, soluble 1L-6R augments the IL-6 
induction of acute phase proteins such as a r antichymo- 
trypsin and haptoglobin in human hepatoma cells in vitro, at 
both the mRNA and protein levels (86). This indicates that 
sIL-6R acts as an agonist of the IL-6 mediated cell re- 
sponses. It is unknown whether sIL-6R enhances all IL-6 
functions, but the positive correlations between serum levels 
of CRP and sIL-6R, as well as IL-6 itself, support this 
hypothesis (85). 

IL-8. IL-8, which is produced by activated PMNs, macro- 
phages, and epithelial cells (which are all abundant in in- 
flamed IBD intestine), is an important inflammatory medi- 
ator for phagocyte chemotaxis and especially that of PMNs 
(87). Chemotaxis is essential for initiation and perpetuation 
of the inflammatory cascade, as PMN accumulation and 
activation may cause granulocyte exocytosis, increased pro- 
duction of metalloenzymes, and up-regulation of the respi- 
ratory burst (14). Thus, the recruitment of PMNs from the 
circulation and to the inflamed intestinal lesions of IBD 
occurs along a chemotactic gradient, and a recent study has 
stressed the importance of IL-8 in this respect (88). It has 
been reported that serum IL-8 is a poor marker of disease 
activity in IBD (89). In one study, increased circulating 
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levels of IL-8 were found in active UC only, and not in CD 
(90). In inflamed intestinal segments of IBD, however, 
elevated levels of IL-8 have been detected (91-93). Further- 
more, the intestinal gene expression of BL-8 has been found 
to be elevated even in inactive IBD (91 , 94), with high levels 
of IL-8 mRNA in inflamed segments, especially in UC (95). 
A recent study of IL-8 in feces and rectal dialysate fluid has 
shown elevated values in active UC as compared to those of 
controls, whereas patients with CD were not investigated 
(96). 

New treatment principles of IBD with IL-10 or neutral- 
izing monoclonal antibodies against TNF may inhibit IL-8 
production and reduce the intestinal cytokine mRNA level 
in IBD (97, 98). However, measurement of IL-8 in feces and 
rectal dialysate might be a possibility for assessment of IBD 
activity, whereas measurement of IL-8 in biopsy specimens 
seems to be too inconvenient for clinical purposes. 

Cell Adhesion Molecules 

Cell adhesion molecules (CAMs), expressed by immune 
cells, endothelial cells, and epithelial cells are exerting their 
effects locally in the bowel mucosa (99). Some CAMs are 
also found as soluble molecules in the blood, but it is not 
known whether these circulating CAMs take active part in 
the inflammatory response, or whether they are inactive 
byproducts in which local activation causes endothelial cells 
and leukocytes to shed membrane-bound CAMs (100-106). 
It has been suggested that the soluble forms act in an 
anti-inflammatory manner by binding to their receptors on 
circulating leukocytes. Circulating CAMs might, in any 
case, reflect the degree of inflamm ation in the intestines and 
theoretically, therefore, may be used as activity markers of 
inflammation in IBD. 

The circulating CAMs investigated so far include soluble 
intercellular adhesion molecule- 1 (sICAM-1), vascular cell 
adhesion molecule- 1 (sVCAM-1), sE-selectin, and sP-selec- 
tin. These four CAMs are all expressed on luminal parts of 
endothelial cell membranes and are thus localized in the 
blood vessel lumen. Another studied soluble cell adhesion 
molecule is L-selectin, which is expressed on leukocytes 
and shed upon their activation (107). 

Compared to that in healthy controls, the sICAM-1 con- 
centration is increased in IBD, both in serum (100-102) and 
in plasma (103). Significantly higher levels of sICAM-1 in 
active UC (101, 103) and active CD (101-103), as compared 
to inactive IBD, have been revealed, and increased plasma 
levels were found in colectomized UC patients with pou- 
chitis as well (103). Serum concentrations of sICAM-1 
correlated with levels of orosomucoid and C-reactive pro- 
tein (CRP) (100-102), but did not increase the precision of 
activity assessment compared with the clinical and endo- 
scopical indices routinely applied. In one study, serum 
sICAM-1 correlated directly with von Willebrand factor 
levels and inversely with albumin and hemoglobin (the 
latter only in active UC) (102). This study also showed a 
correlation between serum levels of sICAM-1 and the 
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amount of ICAM-1 in colonic tissue assessed semiquanti- 
tatively by inununohistochemical staining procedures. 
ICAM-1 is up-regulated in situ in inflamed mucosa in IBD. 

sVCAM-1 is found in higher circulating concentrations in 
serum in IBD patients as compared to controls (100, 102), 
although with a weak correlation with disease activity (102). 
Like sICAM-1, sVCAM-1 correlates directly with the level 
of von Willebrand factor, platelet count, and ESR, and 
correlates inversely with hemoglobin and albumin (102). 
Studies on plasma did not show these differences. 

In contrast to the studies of sICAM-1 and sVCAM-1, 
which almost uniformly find increased serum concentrations 
in active IBD, the selectin measurements are somewhat 
contradictory. To date, only one article deals with serum 
sP-selectin, which was found to be increased in IBD when 
compared to that in healthy controls (100). sE-selectin levels 
in serum or plasma are found, in some reports, to be in- 
creased in IBD (102, 103), whereas others do not report any 
differences among patients with UC, CD, and controls (100, 
104). In plasma samples, increased sE-selectin levels were 
found in active UC, active CD, and in colectomized UC 
patients with pouchitis (103). sE-selectin also correlated 
with CRP in this study. No other study has investigated the 
correlation of E-selectin with disease activity or acute phase 
proteins. Circulating L-selectin (sL-selectin) levels are ris- 
ing with increased disease activity in UC, whereas no such 
correlation is found in CD (107). There is no pathophysio- 
logical explanation for the disease-specific regulation of 
sL-selectin, and so far no difference in the expression of 
endothelial cell L-selectin ligands has been found (84). 
Soluble L-selectin is increased in various other inflamma- 
tory disorders such as sepsis and rheumatoid arthritis (105, 
108), and possibly reflects overall leukocyte activation. In- 
terestingly, UC patients with quiescent disease stages have 
significantly lower sL-selectin levels than controls (107), 

It is unknown whether the ligands of ICAM-1, i.e., the /3 2 
integrins, are present as unbound proteins in the blood. 
However, studies of their expression on circulating leuko- 
cytes have been conducted using fluorescence-activated cell 
sorting (FACS) methods. Although one study did not find 
differences in the number of /3 2 integrin molecules on leu- 
kocytes or the ratio of ]3 2 integrin-positive leukocytes 
among UC, CD, and controls (106), another showed that 
remission in UC (due to medical treatment) was accompa- 
nied by a decrease in the ratio of T cells positive for the /3 2 
integrin lymphocyte function-associated antigen-1 (LFA-1) 
(109). Preliminary results indicate that the number of lym- 
phocytes expressing the 0 2 integrin CD1 lc/CD18 (pl50.95) 
is increased in UC when compared to CD and nondiseased 
controls, and that CD 18 is not present on PMNs in UC in 
contrast to PMNs from healthy individuals (B. Vainer, un- 
published results). 

For all the CAMs studied as either soluble or leukocyte- 
bound proteins, significant overlaps between UC and CD, 
between IBD and controls, and between inactive and active 
IBD are found (99-107). This fact renders CAMs poor 



markers of IBD or IBD activity in the blood (serum, plasma, 
or isolated leukocytes). Importantly, measuring soluble 
CAMs in serum or plasma with the currently available 
methods is neither easier to perform nor more convenient to 
the patients, and does not appear to add new information to 
the paraclinical or clinical parameters already in use. 

CONCLUSIONS 

Knowledge of the severity and extent of inflammation in 
IBD provides a means of choosing a rational therapeutic 
strategy. During the past three decades, several clinical, 
laboratory, and combined indices have been proposed for 
the assessment of disease activity in IBD; and refinements in 
radiological methods and the availability of endoscopy and 
biopsy have facilitated the accurate measurement of the 
extent and severity of IBD. In relapsing conditions, how- 
ever, the use of such procedures is limited by the radiation 
exposure and/or by the relatively invasive nature of the 
techniques. The assessment of disease activity among IBD 
patients by the use of various biological indices may benefit 
from new approaches. The most up-to-date approach to 
monitoring can be summarized as follows: The classical 
acute phase proteins, orosomucoid, and CRP are easily 
applied in the clinical routine situation, together with emerg- 
ing activity markers such as circulating IL-1, EL-2Ra, IL-6 
and its receptor, neopterin, and TNF-a receptors in urine, 
possibly TNF-a and IL-8 in stools, and IL-8 in rectal dia- 
lysate fluid. ANCA and ASCA may lead to more accurate 
differential diagnosis of UC and CD. Finally, it should be 
emphasized that further studies are highly warranted to 
assess the clinical importance and applicability of these new 
markers for reassurance of diagnosis or disease activity. 
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Serologic Markers in Inflammatory Bowel Disease 

Xavier Bossuyt 



Inflammatory bowel disease (IBD) is an enduring dis- 
ease involving mostly young people, with symptoms of 
bloody diarrhea and abdominal cramps. Several anti- 
bodies have been associated with IBD, the 2 most 
comprehensively studied being autoantibodies to neu- 
trophils (atypical perinuclear anti-neutrophil cytoplas- 
mic antibodies) and anti-Saccharomyces cerevisiae anti- 
bodies. This review focuses on the value of these 
antibodies for diagnosing IBD, differentiating Crohn 
disease from ulcerative colitis, indeterminate colitis, 
monitoring disease, defining clinical phenotypes, pre- 
dicting response to therapy, and as subclinical markers. 
Pancreatic antibodies and newly identified anti-micro- 
bial antibodies (anti-outer membrane porin C, anti-I2, 
and anti-flagellin) are also reviewed. 
© 2006 American Association for Clinical Chemistry 

Inflammatory bowel disease (IBD) 1 embodies a spectrum 
of disorders that affect the gastrointestinal tract, the 2 
major entities being Crohn disease (CD) and ulcerative 
colitis (UC). IBD is a lifelong disease involving mostly 
young people, often in a severe way. Although the 
etiology of IBD is unknown at present, it is believed to be 
an immunologically mediated disease in a genetically 
susceptible host. The picture that emerges is that IBD 
results from an aberrant immune response and loss of 
tolerance to the normal intestinal flora, leading to chronic 
inflammation of the gut. This idea is supported by the 
occurrence of antibodies directed to microbial antigens 
(see below) and by the identification of CARD15 as a gene 
conferring susceptibility to CD (1 ). CARD15 plays a role 
in the recognition of bacterial structures and in the 
subsequent defense against these bacteria through nuclear 
factor-KB. 

Several (auto)antibodies have been described in IBD. 
The 2 most intensively studied antibodies are autoanti- 
bodies to neutrophils [atypical perinuclear anti-neutro- 
phil cytoplasmic antibodies (P-ANCAs)] and anti-Saccha- 
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romyces cerevisiae antibodies (ASCAs). This review 
summarizes the current knowledge about the putative 
clinical value of these 2 antibodies in IBD. Pancreatic 
antibodies and newly identified anti-microbial antibodies 
(anti-outer membrane porin C, anti-I2, and anti-flagellin) 
are also reviewed. 

Clinical Presentation and Diagnosis of IBD 

CD patients may present with almost any gastroenter- 
ology symptom depending on the site of the disease. 
Colonic disease (either alone or together with small intes- 
tine) is more common than disease in the terminal regions 
of the ileum or cecum and usually presents with chronic 
abdominal pain and diarrhea. In more severe forms, a 
mass may be present in the right iliac fossa. Patients with 
CD can have typical perianal lesions, such as ulcers or 
multiple fistulas. In CD, serum concentrations of C-reac- 
tive protein (CRP) correlate well with disease activity and 
with other markers of inflammation as the CD activity 
index (2). Increased CRP (>45 mg/L) in patients with IBD 
predicts with a high certainty the need for colectomy (2). 
Patients with UC suffer from bloody diarrhea or rectal 
bleeding and tenesmus because of the rectal involvement. 

There are several structural differences between CD 
and UC (3). In UC, the disease is restricted to the rectum 
and colon. The lesions are continuous and restricted to the 
mucosa. There is muscular thickening, mucin depletion, 
and glandular damage. In CD, the disease may affect any 
part of the gastrointestinal tract. The lesions are discon- 
tinuous and transmural (fissure, abscess, fistula). There 
may be fibrosis (stenosis) and lymphoid ulcers. Histio- 
cytic granulomas are the hallmark of CD, but are found in 
only —60% of cases. 

Diagnosis of IBD and differentiation between CD and 
UC can be made accurately in most patients based on the 
patient's history and physical examination, ileocolono- 
scopic examination, biopsy, double-contrast barium en- 
ema examination, and microbiology. The differential di- 
agnosis includes irritable bowel disease; infective 



1 Nonstandard abbreviations: IBD, inflammatory bowel disease; CD, 
Crohn disease; UC, ulcerative colitis; P-ANCA, perinuclear anti-neutrophil 
cytoplasmic antibody; ASCA, anti-Saccha romyces cerevisiae antibody; CRP, 
C-reactive protein; BPI, bactericidal permeability increasing; and HMG, high- 
mobility group. 
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diarrheas attributable to Salmonella, Campylobacter, or Shi- 
gella; lymphoma; carcinoma of the colorectum; and in- 
flammation caused by ischemia or irradiation (3, 4). 

Not all endoscopic biopsy specimens can be firmly 
assigned to either CD or UC. This is particularly the case 
for colonic biopsies from cases of proctitis. In —10% of 
patients with IBD, the disease cannot be classified as CD 
or UC and the final diagnosis is "indeterminate colitis", 
even if the whole colon is removed (5). The diagnosis of 
indeterminate colitis is usually a temporary diagnosis, 
and many patients with indeterminate colitis will be 
diagnosed with either UC or CD over time. 

Disease behavior in CD can be classified into primary 
fibrostenotic (rather indolent behavior), primary perforat- 
ing (abscesses and fistulas; aggressive behavior), and 
primary inflammatory (5). UC can be classified into 
pancolitis (associated with greater severity and greater 
risk of malignant change), left-sided colitis (no local 
therapy possible), distal colitis, and proctitis (may be 
resistant to local therapy) (5). 

Autoantibodies to Neutrophils: ANCAs and 
Atypical P-ANCAs 

ANCAs were originally associated with primary small 
vessel diseases, such as Wegener granulomatosus, micro- 
scopic polyangiitis and its renal limited variant (pauci- 
immune crescentic glomerulonephritis), and Churg- 
Strauss syndrome (6). ANCAs are classically screened by 
indirect immunofluorescence using ethanoi-fixed neutro- 
phils, as agreed on in an international consensus state- 
ment (7). Indirect immunofluorescence shows 2 major 
staining patterns: a cytoplasmic granular (C-ANCAs) and 



a perinuclear pattern (P-ANCAs). The C-ANCA pattern 
shows granular cytoplasmic fluorescence, frequently ac- 
centuated between the nuclear lobes. C-ANCAs are pri- 
marily present in sera from patients with Wegener granu- 
lomatosus and mainly recognize proteinase-3. The 
P-ANCA pattern shows a fine homogeneous rim-like 
staining of the perinuclear cytoplasm (just around the 
nucleus). Nuclear extension can be present. P-ANCAs are 
present in patients with microscopic polyangiitis and 
recognize myeloperoxidase. However, P-ANCA staining 
is also seen with antibodies to other neutrophil enzymes 
and with anti-nuclear antibodies (a neutrophil-specific 
anti-nuclear antibody or wrong reading because of the 
presence of anti-nuclear antibodies). 

ANCAs have also been reported in patients with 
chronic inflammatory disorders, such as UC (60%-80%) 
(8, 9), primary sclerosing cholangitis (88%) (10), autoim- 
mune hepatitis (81%) (11), and to a lesser extent, CD 
(5%-25%). In these disorders, a (atypical) P-ANCA stain- 
ing pattern is usually found. The antigen is not myeloper- 
oxidase. The atypical P-ANCA is characterized by a broad 
inhomogeneous rim-like staining of the nuclear periphery 
(12). 

Atrtoantigens Recognized by Autoantibodies to Neutrophils 
(Atypical P-ANCAs) in IBD 

Overviews of the various studies (13-28) that have at- 
tempted to identify the antigenic species recognized by 
atypical P-ANCAs in UC and CD patients and in controls 
are given in Tables 1 through 3. The antigens that have 
been studied are located in the granules, the cytosol, 
and/or the nuclei or nuclear periphery. The serine pro- 
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Table 1. Prevalence of autoantibodies to specific antigens in UC patients. 

Positive antibody test, % 
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Duerr et al. (13) 


EL 


32 


2 


10 








0 


0 






Nassbergeret al. (14) 


EL 


24 c 


3 


54 


80 




57 


3 


3 




3 


Hauschild et al. (15) 


EL 


ND 


ND 


72 


24 










15 




Kaneko et al. (16) 


EL 


15 


3 


6 






0 










Schmittetal. (17) 


EL 


120 


ND 


49 












21 




Peen et at. (18) 


EL 


218 


2 


24 














50 


Mulder et al. (19) 


WB 






67 


51 












22 


Broekloelofs et al. (20) 


EL 


252 


3 


67 


49 






0 


0 




4 


Kossa et al. (21) 


EL 


35 


3 


49 


69 






46 


46 


53 


41 


Yang et al. (22) 


EL 


190 


2 


36 


64 




3 








8 


Stoffel et al. (23) 


EL 


140 


3 


54 


72 


37 












Sobajima et al. (24) 


EL 


27 


3 


35 








26 






9 


Walmsley et al. (26) 


EL 


46 


3 


52 


67 


29 




4 






4 


Sobajima et al. (25) 


EL 


37 


3 


60 


85 






43 






13 


Roozendaal er al. (27) 


WB 






96 


58 


2 










26 



a Number of standard deviations above the mean of healthy controls that served as a cutoff point for a positive value. 
b £<5lu, ^glucuronidase; EL, ELISA; ND, no data available; WB, Western blot. 
c Colitis controls. 



38 



32 33 



10 
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Table 2. Prevalence of autoantibodies to specific antigens in patients with CD. 

Controls Positive antibody test, % 

Study Method n SD" Patients, n ANCAs BPI 0-Glu* Cathepsln Q Elastase Lysozyme Lactoferrin Catatase o-Enolase 



Mayet et al. (28) 


EL 


84 


3 


60 




38 


3 






Schmitt et al. (17) 


EL 


120 


ND 


23 








17 




Peen et al. (18) 


EL 


218 


2 


52 


27 








8 


Mulder et at. (19) 


WB 






35 


40 








17 


Broekloelofs et al. (20) 


EL 


252 


3 


35 


40 


0 


0 




8 


Kossa et al. (21) 


EL 


35 


3 


33 


39 


12 


18 


39 


3 


Yang et al. (22) 


EL 


190 


2 


37 


5 


8 






3 


Stoffel et al. (23) 


EL 


140 


3 


44 


45 


23 








Walmsley et al. (26) 


EL 


46 


3 






14 27 






3 


Roozendaal er al. (27) 


WB 






112 


19 


5 






11 



a Number of standard deviations above the mean of healthy controls that served as a cutoff point for a positive value. 
& 0-Glu, /3-glucuronidase; EL. ELISA; ND, no data available; WB, Western blot. 



teases cathepsin G and elastase, the hydrolase /3-glucu- 
ronidase, the iron-binding protein lactoferrin (80 kDa), 
and the natural antibiotic bactericidal permeability in- 
creasing (BPI) protein are located in the granules of the 
neutrophils (and monocytes). a-Enolase (47 kDa), which 
is involved in glycolysis, and catalase (60 kDa), which 
catalyzes the dissociation of hydrogen peroxide to water 
and oxygen, are cytoplasmic proteins. High-mobility 
group (HMG)-l nonhistone chromosomal proteins and 
HMG-2 nonhistone chromosomal proteins (28-29 kDa) 
are distributed in the nuclei and cytoplasm of eukaryotic 
cells and act as transcription factors. HMG-1 stimulates 
transcription by modulating the structure of chromatin in 
vitro and in cultured cells. HMG-2 (29 kDa) is closely 



Table 3. Prevalence of autoantibodies to specific 
neutrophilic antigens In controls. 







Study 






Walmsley 


Yang 


Roozendaal 




et al. (26) 


et al. (22) 


et al. (27) 


Group studied 


Infectious 


Collagenous 


Healthy 




enteritis 


colitis 


controls 


Method 


EL 8 


EL 


WB 


Healthy controls 








n 


46 


190 




SD* 


3 


2 




Patients, n 


30 


38 


78 


Positive antibody test, % 








ANCAs 


23 


0 




BPI 


23 




0 


/3-Glucuronidase 




3 




Cathepsin G 


20 






Eiastase 






0 


Lysozyme 








Lactoferrin 


7 


0 




Catatase 






10 



of-Enolase 6 
9 EL, ELISA; WB. Western blot. 

b Number of standard deviations above the mean of healthy controls that 
served as a cutoff point for a positive value. 



related to cell proliferation. Antibodies to histone HI have 
been suggested, but their prevalences have not been 
reported (29). Myeloperoxidase and proteinase-3, constit- 
uents of the azurophilic granules, are not autoantigens in 
IBD. 

The various studies have revealed heterogeneous and 
conflicting results. Most studies have used ELISA to 
identify the antibodies, except for 2 studies in which 
Western blotting was used (see Tables 1-3). Many of the 
studies considered a sample positive if the absorbance 
value obtained by ELISA exceeded the mean of healthy 
control samples by >3 SD. Some studies used 2 SD 
instead of 3 SD (see Tables 1-3). This means that in the 
majority of the studies, the cutoff was chosen in a way 
such that positive results were found in only a small 
portion of the healthy control population. In one study, in 
which Western blotting was used to detect antibodies, 
anti-BPI, anti-elastase, anti-catalase, and anti-a-enolase 
antibodies were found in 0%, 0%, 10%, and 5% of healthy 
controls, respectively (27). A shortcoming of many stud- 
ies is that the antibodies have been studied in well- 
defined CD or UC patients but not in diseased controls, 
i.e., non-IBD patients (e.g., infective diarrhea) who 
present with symptoms similar to the symptoms in IBD. 
This implies that data on the specificity of the antibodies 
studied are incomplete. One study reported anti-BPI and 
anti-cathepsin G antibodies in a substantial number 
(>20%) of infectious enteritis cases (26). Direct compari- 
son of the sensitivities and specificities of the serologic 
markers described in the various studies was not possible 
because no ROC curves could be constructed based on the 
data provided in the different reports. Ideally, sensitivities 
should be compared at a fixed specificity and vice versa. 
Finally, it should be mentioned that no generally accepted 
method for detecting the various antibodies has been 
described and that no serum standards exist for the 
different antibodies listed in Tables 1-3. These are short- 
comings that weaken the use of serology in patients in 
IBD and that also may explain the wide range of results 
observed among the studies reported. The differences 
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between the studies could be attributable not only to 
variations in methodology and the choice of the controls 
for determination of the ELISA cutoff values, but also to 
differences in the patient population (diagnostic criteria, 
severity of disease, treatment). Most studies found that 
the (azurophilic) granule proteins of the neutrophil were 
not recognized by most of P-ANCAs in IBD patients. 
Multiple antibodies against different antigens were found 
in 1 patient, and antibodies to several antigens were also 
found in immunofluorescent-negative samples (30). This 
is particularly the case for the cytoplasmic autoantigens, 
which are not packed and concentrated in granules. For 
example, only 21% and 38% of IBD samples positive for 
antibodies to catalase and a-enolase, respectively, were 
positive for ANCA antibodies by indirect immunofluores- 
cence (27). 

Various target antigens of atypical P-ANCAs, such as 
catalase, enolase, histone HI, and HMG nonhistone chro- 
mosomal proteins, are not uniquely present in neutrophils 
or other myeloid cells, but are found in most higher 
eukaryote somatic cells. /3-Glucuronidase is also found in 
bacteria. It is not clear why these antigens cause atypical 
P-ANCAs. Specific epitopes of these proteins recognized 
by atypical P-ANCAs may be unique or only immunoac- 
cessible in neutrophils. 

Taken together, most studies support the conclusion 
that the neutrophil (azurophilic) granule components 
characterized to date are not UC-associated P-ANCA- 
specific antigens and that the main target antigen has not 
yet been identified. The idea that a nuclear antigen is the 
target of these antibodies has been suggested by several 
authors. 

Vidrich et al. (31 ) reported loss of antigenic recognition 
after DNA digestion of neutrophils for UC P-ANCAs but 
not for P-ANCAs of primary sclerosing cholangitis and 
autoimmune hepatitis. The P-ANCA patterns in primary 
sclerosing cholangitis and autoimmune hepatitis convert 
to a C-ANCA staining pattern after DNase treatment. This 
suggests that the epitope recognized by the UC P-ANCA 
is a protein-DNA complex or that the presence of intact 
DNA is necessary for mamtaining the integrity of the 
epitope. The atypical P-ANCA of UC and primary scle- 
rosing cholangitis is specific for neutrophils, whereas that 
of autoimmune hepatitis reacts with both neutrophils and 
monocytes. Confocal microscopy revealed a nuclear reac- 
tion for 88% (22 of 25) of the sera, with 72% (18 of 25) 
showing the reaction localized to the inner side of the 
nuclear (membrane) periphery (32). Immunoelectron mi- 
croscopy showed that the UC-associated P-ANCA reac- 
tion localized primarily over chromatin concentrated to- 
ward the nuclear periphery. The sera did not recognize 
double-stranded DNA. Sobajima et al. (24) identified 
HMG nonhistone chromosomal proteins as a possible 
target. Terjung et al. (33) described a 50-kDa protein (pi 6) 
that colocalized with proteins of the nuclear envelope of 
neutrophils. This protein was confined to myeloid cells 
and was recognized by >90% of atypical P-ANCAs in 



individuals with IBD, primary sclerosing cholangitis, and 
autoimmune hepatitis. Terjung et al. (12) reported that the 
atypical P-ANCAs also show multiple intranuclear fluo- 
rescent foci, which likely correspond to infoldings of the 
nuclear envelope. 

As long as the target antigen recognized by atypical 
P-ANCAs remains unidentified, sensitive and specific 
solid-phase assays cannot be developed, leaving immu- 
nofluorescence microscopy as the only widely available 
technique for the detection of these antibodies. 

Joossens et al. (34) evaluated the interassay and inter- 
observer variability in the detection of UC-associated 
ANCAs. In the interobserver study, the same assay was 
used by different readers in 4 geographically distinct 
laboratories [INOVA Diagnostics (San Diego, CA), Uni- 
versity of Iowa Hospital (Iowa City, IA), Ospedale Mau- 
riziano Umberto I (Torino, Italy), and University Hospital 
Leuven, (Leuven, Belgium)]. In the interobserver study, 
the authors found moderate to substantial agreement 
(k- values between 0.4 and 0.65-0.8). The prevalence of 
ANCAs varied between 56% and 70%. In the intermethod 
study, ANCAs were assayed by 1 experienced reader 
using substrates from 4 different commercial sources (The 
Binding Site, Bio-Rad, INOVA, and Immunoconcepts). 
The prevalence of ANCAs varied between 18% and 
68%, with K-values <0.2, indicating poor agreement. 
Similar results were obtained by Sandborn et al. (35). 
The sensitivity for ANCA detection in 150 UC patients 
varied between 0% and 63% in 5 different laboratories 
(Prometheus, Oxford, Wuerzburg, Mayo, and Smith Kline 
Beecham). 

The perinuclear nature of some ANCA reactions (e.g., 
antibodies to myeloperoxidase or elastase) is an artifact of 
the alcohol fixation of neutrophils, which causes posi- 
tively charged cytoplasmic granular proteins to redistrib- 
ute around the negatively charged nucleus. When neutro- 
phils are fixed with non-alcohol-based reagents (e.g., 
paraformaldehyde or formalin), the perinuclear reaction 
obtained with either myeloperoxidase-P-ANCA or elas- 
tase-P-ANCA is abolished and converted to a cytoplas- 
mic reaction pattern. 

Published data about the reactivity of atypical P- 
ANCAs on formaldehyde-fixed neutrophils in IBD and 
autoimmune liver disorders are rare and controversial. 
Some investigators did not detect any fluorescence on 
formaldehyde-fixed neutrophils in most patients with 
IBD (34), whereas others reported a cytoplasmic (19,30) 
or an atypical P-ANCA (33) formalin-positive reactivity 
in a high portion of the sera. Variations in the formalde- 
hyde fixation techniques and the resolution of the immu- 
nofluorescence microscope used might be responsible for 
the controversial reports about the microscopic features of 
atypical P-ANCAs on formaldehyde-fixed neutrophils. 
Even use of the same technique in the same laboratory 
may lead to inconsistent results. 

The serum dilution for the determination of P-ANCAs 
was 1:40 or 1:20 for most of the studies. Some studies were 
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done with the Prometheus UC Diagnostic system. This is 
a 3-step process that includes ELISA analysis, an indirect 
immunofluorescence assay, and DNase treatment. Sam- 
ples were considered positive if a certain cutoff value on 
ELISA analysis was exceeded. 

knti-Saccharomyces cerevisiae Antibodies 

Increased concentrations of antibodies to the baker's and 
brewer's yeast Saccharomyces cerevisiae (ASCAs) are found 
in patients with CD (36). Both IgG and IgA antibodies are 
formed. They have been demonstrated in 60%-70% of 
patients with CD, 10%-15% of patients with UC, and 
0%-5% of control individuals (Table 4). The antibodies 
recognize carbohydrate epitopes in phosphopeptidoman- 
nan, a 200-kDa glycoprotein of the cell wall (37). The 
major epitope was identified as mannotetraose (38). The 
highest sensitivity and specificity of the serologic re- 
sponse was found with strain Sul (38). 

A comparative study revealed a wide range in sensi- 
tivities and specificities among 4 assays (3 commercially 
available assays and the assay developed in Lille, Centre 
Hospitalier Reegional Universitaire, France), mainly as a 
consequence of the cutoff values chosen (39). The agree- 
ment among the assays was good (39). 

In contrast to P-ANCAs, ASCAs do not seem to be 
autoantibodies but rather antibodies against bacterial or 
fungal species. The presence of ASCAs in patients with 
IBD may be the result of a response to either the antigens 
on S. cerevisiae itself or to an as yet unidentified antigen 
that cross-reacts with S. cerevisiae antigens. 

Diagnostic Value of Autoantibodies to Neutrophils 
(Atypical P-ANCAs) and ASCAs in IBD 

The prevalences of P-ANCAs and ASCAs in UC, CD, 
diseased controls, and healthy controls (35,40-44) are 
summarized in Table 4. Atypical P-ANCAs are (50%- 
67%) found mainly in UC, but also in CD (6%-15%) and to 
a lesser extent in diseased controls (<11%). Atypical 
P-ANCAs are also found in autoimmune hepatitis and 
primary sclerosing cholangitis. The prevalence of ASCAs 



is higher in CD (40%-60%), but they are also found in UC 
and in diseased controls (4%-14%). In healthy controls, 
the antibodies are present in <5%. The clinical value of 
ANCA or ASCA testing in diarrheal diseases is limited 
because of insufficient sensitivity (45) and imperfect spec- 
ificity. 

The combination of atypical P-ANCAs and ASCAs 
may be useful in the differential diagnosis of UC and CD 
in patients with IBD. A survey of studies (35, 40-42, 46) 
that combined the 2 markers to distinguish UC from CD 
is given in Table 5. The CD-associated pattern was 
ASCA + /P-ANCA~, whereas the UC-associated pattern 
was ASCA~/P-ANCA + . The combined evaluation of 
ANCAs and ASCAs had a higher specificity (>90% in 
most studies and >80% in all studies) to differentiate CD 
from UC than the separate use of either ANCAs or 
ASCAs. The increased specificity, however, was associ- 
ated with decreased sensitivity. 

In addition to sensitivity and specificity, positive pre- 
dictive values are provided in some studies. For example, 
in patients with IBD, the positive predictive value of the 
combination of a positive ASCA test with a negative 
P-ANCA test for UC has been reported to be 92.5% by 
Quinton et al. (41 ), 88% by Peeters et al. (40), and 93% by 
Koutrobakis et al. (42). The positive predictive values of 
the combination of a negative ASCA test with a positive 
P-ANCA test for UC has been reported to be 96% by 
Quinton et al. (41 ), 95% by Peeters et al. (40), and 77% by 
Koutrobakis et al. (42). The positive predictive value 
places test specificity in the context of disease prevalence 
and indicates what percentage of patients with positive 
test results actually have the disease. In these studies, 
however, the authors artificially controlled the prevalence 
of the disease by focused recruiting of patients and 
healthy and diseased controls. The prevalence of disease 
in a clinical situation is different from the prevalence in 
most research studies. 

The likelihood ratio is less likely to change with the 
prevalence of the disorder and incorporates both the 
sensitivity and specificity of the test. It provides a direct 



Table 4. Prevalence of ASCAs and P-ANCAs In CD, UC, diseased controls, and healthy controls. 

Positive for antibodies, % 



Antibodies 


Study 


n' 


CD 


UC 


Olseased controls 


Healthy controls 


ASCAs 


Peeters et al. (40) 


147/407/74/157 


60 


14 


11 


3.2 




Koutrobakis et al. (42) 


97/56/0/150 


39 


11 




0.7 




Quinton et al. (41) 


101/100/27/163 


61 


12 


11 


0.6 




Ruemmele et al. (43) 


36/131/78/0 


55 


5 


5 






Hoffenberg et al. (44) 


25/20/74/0 


60 




4 




P-ANCAs 


Peeters et al. (40) 


147/407/74/157 


6 


50 


8 


2.5 




Koutrobakis et al. (42) 


97/56/0/150 


16 


67 




0 




Quinton et al. (41) 


101/100/27/163 


15 


66 


7.5 


0.6 




Ruemmele et ai. (43) 


36/131/78/0 


13 


57 


0 






Hoffenberg et al. (44) 


25/20/74/0 




60 


11 





° UC/CD/diseased controls/healthy controls. 
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Table 5. Ability of ANCAs and ASCAs to differentiate UC from CD In patients with IBD. 

Study 





Qulnton et al. (41 ) 1 


Unskena et al. (46) 


KoutroubaWs et al. (42) i 


Sand bom et al. (35) 


Peetere et al. 


UC, n 


101 


51 


97 


83 


147 


CD, n 


100 


50 


56 


79 


407 


Sensitivity, % 












ASCA+ (CD) 


61 


72 


39 


44 


60 


P-ANCA + (UC) 


65 


63 


67 


63 


50 


ASCAVP-ANCA" (CD) 


49 


64 


30 


38 


56 


P-ANCA VASCA" (UC) 


57 


51 


58 


55 


44 


Specificity, % 












ASCA + (CD) 


88 


82 


89 


87 


86 


P-ANCA* (UC) 


85 


86 


84 


75 


94 


ASCAVP-ANCA- (CD) 


97 


94 


97 


94 


92 


P-ANCA VASCA" (UC) 


97 


94 


88 


81 


98 


Positive likelihood ratio 












ASCA + (CD) 


5 


4 


3.5 


3.3 


4.2 


P-ANCA* (UC) 


4.3 


4.5 


4.1 


2.5 


8.3 


ASCA + /P-ANCA" (CD) 


16 


11 


10 


6.3 


7 


P-ANCA VASCA" (UC) 


19 


8.5 


4.8 


2.9 


22 


Negative likelihood ratio 












ASCA* (CD) 


0.44 


0.3 


0.68 


0.64 


0.46 


P-ANCA* (UC) 


0.41 


0.43 


0.39 


0.49 


0.53 



estimate of how much a test result will change the odds of 
having a disease (47, 48). The likelihood ratio for a posi- 
tive result tells how much the odds of the disease Increase 
when a test is positive; conversely, the likelihood ratio for 
a negative result tells how much the odds of the disease 
decrease when a test is negative. The likelihood ratio can 
be combined with information about the prevalence of the 
disease and the characteristics of the patient group and 
the patient to determine the posttest odds of disease in a 
particular patient. Thus, the likelihood ratios allow the 
clinician to estimate whether there will be a significant 
change in the pretest to posttest probability of a disease as 
a result of obtaining the test (47, 48). A likelihood ratio of 
1 implies that the test is of no clinical value. Likelihood 
ratios >10 or <0.1 indicate very large, clinically important 
differences in pretest-posttest probability. Likelihood ra- 
tios between 5 and 10 or between 0.1 to 0.2 often lead to 
more modest, but still substantial, differences in pretest- 
posttest probability. Ratios from 2 to 5 or from 0.5 to 0.2 
generate small differences that may be relevant in certain 
clinical settings. Likelihood ratios between 1 and 2 or 0.5 
and 1 generate very small differences that are seldom 
clinically important (47, 48). 

I have calculated the likelihood ratios of P-ANCA and 
ASCA results (a) to distinguish IBD from non-lBD and (b) 
to distinguish CD from UC in IBD patients. The likelihood 
ratios to discriminate IBD from non-IBD were calculated 
based on data obtained from the study of Peeters et al. 
(40). The likelihood ratio of a positive result for ASCAs, 
P-ANCAs, ASCA + /P-ANCA~, and ASCA~/P-ANCA + 
to distinguish patients with IBD (n = 554) from controls 
(n = 231) was, respectively, 6.6, 10, 9.3, and 14.6, and the 



likelihood ratio of a negative result was 0.43, 0.52, 0.46, 
and 0.57, respectively. This indicates that in the context of 
distinguishing IBD patients from non-IBD individuals, a 
positive test result for ASCAs, P-ANCAs, ASCA + /P- 
ANCA", or ASCA - /P-ANCA + substantially affects pre- 
test-posttest probability, whereas a negative test result 
insignificantly .affects pretest-posttest probability. The 
likelihood ratios of a positive result for atypical P-ANCAs 
and for ASCAs to differentiate between UC and CD in 
patients with IBD are shown in Table 5 and was between 
2 and 5 in all studies, indicating that these assays affect 
pretest-posttest probability to a small degree. The likeli- 
hood ratio of a negative test result for atypical P-ANCAs 
and ASCAs was between 0.3 and 0.7 in all conditions, 
signifying poor clinical importance of a negative test 
result for differentiating CD from UC. By contrast, the 
combined evaluation of atypical P-ANCAs and ASCAs 
had a positive likelihood ratio >5 in almost all studies and 
>10 in one-half of the studies (see Table 5). This implies 
that the combined use of atypical P-ANCAs and ASCAs 
substantially affects pretest-posttest probability in distin- 
guishing UC from CD in patients with IBD. 

Thus, the combined use of ASCA and P-ANCA results 
could be an addition to conventional techniques (the 
patient's history, radiologic examination, endoscopy, and 
biopsy) in the differential diagnosis between CD and UC. 
It should be mentioned, however, that a high percentage 
of CD patients with pure colonic disease and UC-like 
colitis have been reported positive for P-ANCAs (49), 
thereby constraining the sensitivity of the ASCA*/ 
P-ANCA' combination as a specific marker for CD. 
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Uses of Test Results for Autoantibodies to Neutrophils 
(Atypical P-ANCAs) and ASCAs 

INDETERMINATE COLITIS 

Serologic evaluation of ANCAs and ASCAs could be of 
help in patients with indeterminate colitis. In these pa- 
tients, early knowledge of the exact diagnosis could be of 
clinical importance with regard to therapeutic decisions 
and prognosis. In a multicenter prospective study, 97 
patients with indeterminate colitis were analyzed for 
ANCAs and ASCAs (50). After a 1-year follow-up, a 
definite diagnosis was reached in 31 of the 97 patients. 
The combination ASCA "7 ANCA ~ predicted CD in 80% 
of IC patients (sensitivity, 67%; specificity, 78%; positive 
likelihood ratio, 3), whereas ASCA" /ANCA* was predic- 
tive for UC in 64% of the patients (sensitivity, 78%; 
specificity, 67%; positive likelihood ratio, 2.3). ASCA~/ 
ANCA + patients who did not progress to UC all devel- 
oped UC-like CD. A remarkable finding in this study was 
that 48.5% of the patients did not have antibodies to either 
ASCAs or ANCAs and that these seronegative patients 
remained indeterminate after a mean duration of 9.9 years 
(50). 

AS TOOLS FOR DISEASE MONITORING 

There is no relationship between the presence or titer of 
ANCAs and UC activity (49, 51 ). The ANCA titer remains 
positive after colectomy (51). In addition, the presence of 
ASCAs is stable over time and is independent of CD 
activity and duration (49,52). ASCA titers most often 
remain stable after treatment (52). Hence, serial measure- 
ment of ANCA and ASCA titers in IBD is not useful for 
follow-up of disease activity and prediction of relapses. 

The authors of one study have suggested that the 
presence of ANCAs may correlate with chronic pouchitis 
after ileal pouch-anal anastomosis (53), but this has not 
confirmed in other studies (51, 54, 55). 

ASSOCIATION WITH CLINICAL PHENOTYPES 

Atypical P-ANCAs are not associated with clinical char- 
acteristics such as age of onset, need for surgery, location 
of the disease, or familial history (40). It has been sug- 
gested that in patients with CD, the presence of atypical 
P-ANCAs in serum characterizes a UC-like clinical phe- 
notype (49). Patients with "UC-like CD" have endoscop- 
ically and /or histopathologically documented left-sided 
colitis and symptoms of left-sided colonic inflammation, 
clinically reflected by rectal bleeding and mucus dis- 
charge, urgency, and treatment with topical agents. In the 
study by Vasiliauskas et al. (49), the number of patients 
meeting the criteria of UC-like phenotype was 18 of 
18 (100%) in the P-ANCA-positive CD subgroup, 9 of 20 
(45%) in the C-ANCA subgroup, and 12 of 31 (39%) in the 
ANCA-negative CD subgroup. 

On the other hand, ASCAs have been associated with 
several CD clinical phenotypes. ASCAs have been asso- 
ciated with stricturing as well as penetrating (56-59) 
disease behavior and with ileal disease (small-bowel 



rather than colonic disease) (40, 41, 52, 57-59). For exam- 
ple, Quinton et al. (41 ) reported that 70% of CD patients 
with small bowel involvement (with or without colonic 
disease) had ASCA antibodies vs 46% of the patients with 
pure colonic disease, and Walker et al. (57) reported that 
68% of patients with CD involving the ileum had ASCAs 
vs 38% of patients with colonic disease. Mow et al. (59) 
reported that 71.7% of CD patients with fibrostenosing 
disease had ASCAs vs 36.1% of patients without fibroste- 
nosing disease and that 50.9% of patients with internal 
perforating disease had ASCAs vs 27.1% of patients 
without internal perforating disease. ASCAs have been 
associated with young age at diagnosis in several studies 
(40, 41, 52, 58) but not in others (57). 

RESPONSE TO MEDICAL THERAPY 

ANCA positiviry has been reported to be associated with 
resistance to treatment of left-sided UC (60). Sanborn et 
al. (60) reported that 90% of patients with refractory 
left-sided colitis were ANCA-positive vs 62% of patients 
with treatment-responsive UC (P = 0.03). ASCAs and 
P-ANCAs were not associated with response to anti- 
tumor necrosis factor-a therapy (61 ). A trend toward poor 
response to anti-tumor necrosis factor-a therapy in CD 
patients carrying the ANCAVASCA" combination has 
been suggested (61 ). This was, however, not statistically 
significant and needs to be confirmed. 

AS SUBCLINICAL MARKERS 

The strongest risk factor for IBD is having a relative with 
the disease. The occurrence of antibodies in unaffected 
family members could reflect a genetic and /or environ- 
mental factor predisposing to disease. In addition, the 
presence of antibodies could also be indicative of pre- 
symptomatic disease. Several groups have studied 
whether P-ANCAs and ASCAs are subclinical markers of 
IBD in families. 

Some studies showed that 16%-30% of healthy first- 
degree relatives of UC patients were P-ANCA-positive 
(62,63), whereas other studies were unable to find P- 
ANCAs in first-degree relatives (64-66). 

Several studies have found an increased prevalence of 
ASCAs in unaffected first-degree relatives of patients 
with CD. Sendid et al. (67) detected ASCAs in 35 of 
51 (69%) patients with CD and in 13 of 66 (20%) healthy 
relatives vs 1 of 163 healthy controls. In that study, the 
health status of the healthy relatives was assessed by an 
interviewer practitioner who visited the families. None of 
the healthy relatives had a previous history or symptoms 
of IBD. Seiboid et al. (68) found ASCAs in 25% of 193 
healthy first-degree relatives. Sutton et al. (69) reported 
familial aggregation of ASCA concentrations for affected 
relatives. Vermeire et al. (52) found that ASCA prevalence 
was the same in both sporadic and familial CD. Within 
pure CD families, ASCAs were present in 54% of CD 
patients with 2 family members affected vs 74.7% in CD 
patients with 3 or more family members affected (52). 
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There was no concordance of ASCA reactivity in marital 
pairs. These data support the suggestion that ASCAs 
reflect the familial load of the disease. Whether the 
presence of ASCAs is a familial trait attributable to a 
genetic factor or to an increased childhood environmental 
exposure that predisposes to the disease is unknown. A 
recent study in twins suggested that ASCAs are a. marker 
of a response to an environmental antigen and that genes 
other than CARD15 determine the extent of the response 
(58). 

Israeli et al. (70) demonstrated that ASCAs and P- 
ANCAs may predict development of IBD years before the 
disease is clinically diagnosed. ASCAs were present in 10 
of 32 (31.3%) CD patients before clinical diagnosis com- 
pared with 0 of 95 (0%) controls (P <0.001). ASCA test 
results were positive in 54.5% of patients after diagnosis 
of CD. The mean interval between ASCA detection and 
diagnosis was 38 months. P-ANCAs were present in 2 of 
8 (25%) patients with available sera before the diagnosis 
of UC. None of the 24 matched controls were positive 
(P - 0.014). 

Pancreatic Antibodies 

Antibodies against exocrine pancreas have been described 
in patients with CD, and have been reported to be specific 
(not present in nondiseased individuals), albeit at a low 
prevalence (-30%) (71-73). The antigen has not been 
elucidated, and the antibodies are detected by indirect 
immunofluorescence. Joossens et al. (74) found pancreatic 
antibodies not only in CD patients but also, in low titers, 
in UC patients. The antibodies were also found in first- 
degree relatives of IBD patients, a finding that had not 
been observed in earlier studies (65, 75). 

New Serologic Markers for IBD 

Screening lysates of cultures of colonic bacteria with a 
monoclonal P-ANCA antibody revealed that Escherichia 
coli outer membrane porin (OmpC) is an antigen in IBD 
(76). Landers et al. (77) reported anti-OmpC antibodies in 
55% of CD patients. Patients with anti-OmpC antibodies 
were more likely to have internal perforating CD (59). In 
children and young adults, anti-OmpC antibodies (IgG 
and IgA) were found in 24% of CD patients, 11% of UC 
patients, and 5% of controls (78). 

Microbial sequence 12 was identified as a homolog of 
the tetR bacterial transcription factor family, which is 
frequently present in CD colonic lesions (43%) but not in 
other colonic specimens (79). This sequence has been 
shown to be associated with Pseudomonas fluorescens (80). 
IgA anti-I2 antibodies were found in 54% of CD patients, 
10% of UC patients, 19% of patients with other inflamma- 
tory enteric diseases (infectious colitis, radiation-associ- 
ated proctitis, Shigella colitis, eosinophilic colitis, and 
collagenous colitis), and 4% of healthy controls (79). 
Patients with anti-I2 antibodies were more likely to have 
fibrostenosing disease and require surgery (59). 

The flagellin CBirl has been identified as a dominant 



antigen capable of inducing colitis in C3H/HeJBir mice 
and eliciting IgG antibody responses in a subpopulation 
(-50%) of patients with CD (81,82). Anti-CBirl expres- 
sion is independent of other antibody responses, is asso- 
ciated with small-bowel, internal-penetrating, and fibro- 
stenosing disease features, and defines a subgroup of CD 
patients not previously recognized by other serologic 
responses (82). Among the population of CD patients 
positive for P-ANCAs but who do not react to other 
known antigens, 40%- 44% are positive for anti-CBirl 
antibodies, whereas anti-CBirl antibodies have been 
found in only 4% of P-ANCA + UC patients (82). 

There is evidence that the number and magnitude of 
immune responses to different microbial antigens (ASCA, 
OmpC, and 12) in a given patient are associated with the 
severity of the disease course; i.e., the greater the number 
of responses and the greater their magnitude, the more 
severe the disease course (fibrostenosis, internal perforat- 
ing disease, and the need for small-bowel surgery) 
(59, 82). Patients positive for 12, OmpC, and ASCA were 
more likely to undergo small-bowel surgery (72%) than 
were patients without reactivity (23%) (59). These finding 
must be confirmed in future studies evaluating the asso- 
ciation between the presence of antibodies to microbial 
antigens and the development of strictures and perfora- 
tions and subsequent need for surgery. If such studies can 
confirm that antibodies can identify patients likely to 
undergo a severe and problematic disease course, then the 
determination of antibodies could be helpful in clinical 
practice. 

Conclusions 

Atypical P-ANCAs and ASCAs are markers for UC and 
CD, respectively. Their role as diagnostic serologic mark- 
ers for IBD appears to be limited, however, mainly 
because of their lower sensitivity. A positive test result for 
either P-ANCAs or ASCAs modestly influences pretest- 
posttest probability in distinguishing IBD from non-IBD, 
and a negative test result has no clinical value. The 
combined use of atypical P-ANCA and ASCA test results 
substantially affects pretest-posttest probability in distin- 
guishing UC from CD in patients with IBD. The 
P-ANCA "V ASCA - combination is specific for UC, 
whereas the ASCA + /P-ANCA - combination is specific 
for CD. This may be of help in patients in whom distinc- 
tion between CD or UC is not obvious with the classic 
diagnostic tools (patient history, radiologic examination, 
endoscopy, and biopsy). The discriminative value of 
ASCAs and P-ANCAs to predict definitive diagnosis (CD 
or UC) in patients with ^determinate colitis is modest. 
Almost 50% of these patients do not develop ASCA or 
P-ANCA antibodies. Future studies should unravel 
whether this seronegative subgroup of patients represents 
a separate clinical entity. 

Serial measurement of P-ANCAs and ASCAs is not 
useful. Titers of both antibodies are stable over time and 
do not correlate with disease activity. ASCA positivity is 
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correlated with ileal involvement of CD disease and 
stricturing as well as with penetrating disease behavior. 

ASCAs are detectable in 20%-25% of first-degree rela- 
tives of patients with CD, but whether these antibodies 
are markers of future disease has yet to be determined. 

The assays that detect atypical P-ANCAs and ASCAs 
lack standardization, which leads to large interlaboratory 
variation. Efforts should be undertaken to harmonize 
these assays, and future research should aim to identify 
the main autoantigens targeted by atypical P-ANCAs. 

Pancreatic antibodies are specific markers for IBD. 
Their sensitivity, however, is limited (30%). 

New microbial target antigens (OmpC, 12, and the 
flagellin CBirl) have been described in patients with CD. 
There is evidence that the number and magnitude of 
immune responses to different microbial antigens are 
associated with the severity of the disease course. This 
should be confirmed by additional studies. 

Upcoming studies should further explore the potential 
to cluster patients in more homogeneous subgroups based 
on antibody responses. Correlating serologic markers 
with genotypes and clinical phenotypes should enhance 
our understanding of the pathophysiology of IBD. Hope- 
fully this will lead to the introduction of new and accurate 
tools for diagnosis, stratification, and follow-up of pa- 
tients with IBD. 



I thank P. Rutgeerts, S. Vermeire, and S. Joossen for 
helpful discussions. 
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Since the description of anti-neutrophil cyto- 
plasm antibodies (ANCA) in active Wiener's 
granulomatosis, 1 the interest in anti-granulocyte 
antibodies has increased vastly. ANCA is now 
recognised as a family of autoantibodies directed 
against cytoplasmic antigens, mainly lysosomal 
enzymes, in polymorphonuclear neutrophil 
leukocytes (PMNL). J In Wegener's granulo- 
matosis, ANCA are typically directed against 
proteinase 3, a serine proteinase located in 
azurophilic granules of human PMNL.' Ami- 
proteinase 3 antibodies may also occur in 
isolated, rapidly progressive glomerulone- 
phritis and occasionally in systemic vasculitic 
conditions other than Wegener's granulomato- 
sis. 2 Antibodies directed against other lysosomal 
enzymes in PMNL azurophilic granules, for 
example myeloperoxidase and elastase, also 
occur in primary systemic vasculitic diseases and 
rapidly progressive glomerulonephritis. 34 After 
ethanol fixation of PMNL, proteinase 3 remains 
within the cytoplasmic granules, whereas myel- 
operoxidase and elastase become extracted and 
locate close to or on the cell nucleus.- 4 At indirect 
immunofluorescent microscopical determina- 
tion of ANCA, anti-proteinase 3 antibodies 
produce a typical pancytoplasmatic granular 



staining pattern (C-ANCA), whereas anti- 
myeloperoxidase and anti-elastase antibodies 
give rise to a blurry perinuclear staining pattern 
(P-ANCA) or staining of the PMNL nuclei 
(granulocyte specific anti-nuclear antibodies, 
GS-ANA).- 4 * A detergent extract of isolated 
azurophil granules (a antigen) can be used for the 
detection of anti-proteinase 3 antibodies 
(C-ANCA) by means of enzyme linked immuno- 
sorbent assay (ELISA) but does not allow detec- 
tion of anti-myeloperoxidase.* 6 Also, antibodies 
against lactoferrin, an iron binding protein resid- 
ing in spllfic granules of PNML, 7 produce a 
P-ANCA pattern owing to perinuclear/nuclear 
localisation of lactoferrin after ethanol fixation/ 
Apart from the artifactual GS-ANA staining 
pattern caused by antibodies directed against 
nucleophilic cytoplasmic antigens, it is possible 
that true GS-AN As also exist. 9 

Apart from the occurrence in primary 
systemic vasculitides and rapidly progressive 
glomerulonephritis, P-ANCA/GS-ANA may be 
seen in other disease states, for example rheuma- 
toid arthritis without signs of vasculitis, 10 inflam- 
matory bowel disease, and primary sclerosing 
cholangitis." 15 Recent evidence favours the idea 
that inflammatory bowel disease may be caused 
by mesenteric vasculitis."" 1 * 

In a preliminary study of 16 frozen sera from 
patients with Crohn's disease we found low levels 
of anti-a antigen antibodies, anti-myeloperoxi- 
dase antibodies, and anti-lactoferrin antibodies 
in some sera. 1 * The present study was done to 
extend these observations and to include sera 
from patients with ulcerative colitis and primary 



Patieetts and onethods 

CROHN'S DISEASE 

Fifty two patients, 27 men aged 21-71 years 
(mean 48 years) and 25 women aged 17-55 years 
(mean 38 years) were enrolled in the study. The 
mean duration of the disease was 17 years (range 
4-33 years). Eight patients had disease limited to 
the colon and/or rectum, 19 patients had disease 
in the small bowel alone, and 25 patients had 
disease manifestations in both small bowel and 
colon/rectum. Forty patients had been operated 
on, 14 of whom had been subjected to only 
ileoccecal resection. Three patients had 
ileorectal anastomosis, and six patients had 
ileostomy after proctocolectomy. 



ULCERATIVE COLITIS 

Twenty four patients, 11 men aged 19-65 years 
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Figure 1: Diagram to illustrate the ELISA results of IgG autoantibody directed against 
a antigen, myeloperoxidase, and lactoferrin in sera from patients with Crohn's disease («=52), 
ulcerative colitis (n=24), and primary sclerosing cholangitis (n=/2). The lower limit for 
positive ELISA (that is*+2SD of the mean value of 218 normal reference sera) is indicated. 

(mean 46 years), and 1 3 women aged 20-68 years 
(mean 42 years) participated in the study. Nine- 
teen patients had left sided colitis and five 
patients had more extensive or total colitis. 
Fourteen of the patients had active disease - that 
is at least five loose stools with visible blood (all 
had visible inflammation at endoscopy) - and the 
remaining 10 patients were in clinical remission. 



PRIMARY SCLEROSING CHOLANGITIS 

Twelve patients, seven men aged 20-59 years 
(mean 38 years) and five women aged 35-63 years 
(mean 48 years), took part in the study. The 



diagnosis had been made by endoscopic retro- 
grade cholangiography 3 years (range 1-6 years) 
before the study. Two patients had only intra- 
hepatic cholangitis and 10 had both extra- and 
intrahepatic cholangitis. In four patients cirrho- 
sis of the liver had been diagnosed at histopatho- 
logic^ examination of liver biopsies. One patient 
had undergone liver transplantation 6 years 
earlier. Nine of the 12 patients had also suffered 
from ulcerative colitis for 8 years (range 0-21 
years) and one had non-specific colitis. In the two 
remaining patients no accompanying disease had 
been diagnosed. None of the patients had 
Crohn's disease. 

One of the patients originally participating in 
the study had to be excluded as she proved to 
have suffered from acute Campylobacter jejuni 
colitis. 



ANTIGEN PREPARATIONS 

Azurophil granules were prepared from isolated 
normal peripheral granulocytes after low pres- 
sure homogenisation of the cells and centrifuga- 
tion of the homogenate in a Percoll (Pharmacia 
Fine Chemicals, Uppsala, Sweden) -gradient as 
described elsewhere. 5 The granules were lysed 
with 0-01% (final concentration) Triton X-100 
(Merck, Darmstadt, Germany)/ The extract 
thus achieved (a antigen) was diluted in 
carbonate-bicarbonate buffer pH 9-5 and used as 
substrate for ELISA/ 

Lyophilised preparations of myeloperoxidase 
(Calbiochem, La Jolla, CA, USA), human milk 
lactoferrin (Sigma Chemical Co, St Louis, MO, 
USA), and bovine milk lactoferrin (Sigma) were 
dissolved in carbonate-bicarbonate buffer (10 
ug antigen/ml) and used for ELISA. 



ELISA 

High binding plastic microtitre plates (Nunc 
Immunoplate, Roskilde, Denmark) were coated 
with a antigen, myeloperoxidase, or human 
lactoferrin solutions by incubation at 4°C for 12 
hours. After washing with buffer (phosphate 
buffered saline, PBS, with 0 05% Tween 20), 
serum samples (diluted 1:10 in PBS-Tween) 
were applied for 30 minutes at room tempera- 
ture. Normal human serum diluted 1:10 served 
as a blank. The microtitre plates were washed 
thoroughly with PBS-Tween and incubated for 
another 30 minutes with alkaline-phospatase 
(ALP) conjungated rabbit anti-human y chain 
or rabbit anti-human a chain antisera (Dako, 
Glostrup, Denmark) diluted 1:400 in PBS- 
Tween. After washing, the substrate buffer was 
applied and the optical density (OD) read at 
405 run when the positive reference samples had 
reached OD 1-0. OD values exceeding 2 SDs of 
the reference material from healthy blood donors 
(n=218 for IgG tests; n=2il for IgA tests) were 
considered positive. The IgG autoantibody 
analyses were performed on all sera from patients 
with Crohn's disease (n=52), ulcerative colitis 
(n=24), and primary sclerosing cholangitis 
( D =12). IgA autoantibody tests were done on 
sera from 51 patients with Crohn's disease, 21 
ulcerative colitis sera, and 1 1 sera from patients 
with primary sclerosing cholangitis. 
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Figure 2: Sodium dodecyl sulphate polyacrylamide gels (SDS-PAGE ) elecnvpkoresis of the 
human milk lactofemn preparation (lane I ) showed only material of molecular weight about 80 
kD when stained with Comassie blue. Lane 2 shows molecular weight markers for comparison. 
Immunoblotting, using polyclonal rabbit anfrhuman leukocyte lactofemn, 
reaction with antigens of lower molecular weight, apart from the strong reaction with thejOkD 
lactofemn band (lane 3 ). Patient sera positive for IgG anti-human milk lactofemn, as tested by 
ELISA, however, reacted only with lactofemn. 

IgG anti-bovine lactofemn antibodies were 
measured essentially as described above, except 
that no negative or positive serum references 
were used. OD values were read after 30 minutes 
incubation with substrate buffer. Eleven positive 
and 10 negative sera in the test for IgG anti- 
human lactofemn were selected for this analysis. 



RABBIT ANTI-LACTOFERRIN ANTISERA 

Serum containing polyclonal rabbit anti-human 
leukocyte lactoferrin was the kind gift of 
Dr Johan Richter, Department of Internal 
Medicine, University Hospital, Lund, Sweden. 
To produce anti-human milk lactoferrin anti- 
bodies, rabbits were immunised by subcutane- 
ous injections of 2 mg human milk lactoferrin 
(that is, the same antigen as that used for the 
ELISA and western blot assays) together with 
Freund's incomplete adjuvant (Sigma) on three 
occasions with 4 week intervals. The reason for 
not using Freund's complete adjuvant was to 
avoid immunisation against hsp-65, because of 
its immunological cross reaction with human 
lactoferrin. 20 Two weeks after the second booster 
dose, the animals were anaesthetised with 
barbiturate, and exsanguinised by heart 
puncture. Serum was pooled. Anti-lactoferrin 
activity of the serum was confimed by agarose 
double radial immunodiffusion against human 
milk lactoferrin. 



WESTERN BLOTTING 

Lactoferrin (1 ug per lane) was electrophoresed 
in 5-20% sodium dodecyl sulphate poly- 
acrylamide gels (SDS-PAGE) and transferred to 
polyvinylidene difluoride membranes (Millipore 
Continental Water Systems, Bedford, MA, 
USA). Blocking was done with 5% bovine serum 
albumin (Sigma) in PBS. Anti-lactoferrin 
positive patient sera (as judged by ELISA) were 
diluted 1:20 or 1:200 in PBS-Tween with 1% 
bovine serum albumin, and applied for 1 hour. 



The rabbit anti-human leukocyte lactoferrin 
served as a reference. ALP conjugated anti- 
human IgG and anti-rabbit IgG (Dako) were 
used as secondary antibodies. 



INDIRECT IMMUNOFLUORESCENCE (IIF) 
MICROSCOPY 

To study the distribution of lactofemn in 
ethanol fixed granulocytes cytocentrifuged onto 
microscope slides, the slides were incubated with 
rabbit anti-human milk lactoferrin in a moist 
chamber for 30 minutes. After washing with PBS 
and incubation for another 30 minutes with 
sheep fluorescein isothiocyanate (FITC) con- 
jugated anti-rabbit Ig (Wellcome Diagnostics, 
Temple Hill, Dartford, UK), the slides were 
again washed with PBS, mounted with PBS- 
glycerin, and inspected under a fluorescence 
microscope with a mercury lamp (HBO 50) epi- 
Ulumination and filters for FITC activation/ 
emission. 



STATISTICS 

Differences in ELISA results between the con- 
trol sera and the patient sera were evaluated by 
the x- test, and divided into four groups: p>0 05 
=not significant (NS); p<0-05 (*); p<001 (**); 
p<0 001 (***). 



Results 

The frequencies of IgG antibodies directed 
against a antigen, myeloperoxidase, and lacto- 
ferrin are shown in Figure 1 . 

In Crohn's disease 4 of 52 sera had IgG anti-a 
antigen, which is not statistically different from 
the control group, although two of the sera had 
remarkably high antibody levels. In ulcerative 
colitis 4 of 24 of the sera contained IgG anti-a 
antigen antibodies (p<0 05), and in primary 
sclerosing cholangitis 4 of 12 sera (p<0 001) 
were positive. 

IgG anti-myeloperoxidase antibodies occurred 
in 3 of 52 of the sera taken from patients with 
Crohn's disease (not statistically different from 
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Figure 3: Diagram to illustrate the lack of correlation betiveen 
EUSA results for lg(J anti-human lactofemn 
autoantibodies and IgG antibodies directed against bovine 
milk lactofemn. Ten patient sera positive in the ELISA for 
/gG anti-human lactoferrin (B)and 12 randomly selected 
normal reference sera (□) negative in the IgG anti-human 
lactoferrin test were analysed. 
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Figure 4: Results of the EL IS A tests for IgA autoantibodies directed against a antigen, 
myeloperoxidase, and lactoferrin. Fifty one sera from patients with Crohn's disease, 21 sera 
from patients with ulcerative colitis, and / / sera from patients with primary sclerosing 
cholangitis were analysed. The cut of levels ( that is, values exceeding 2 SD of the mean of a 
reference material of 21 1 normal sera) are indicated. 



the control group), and in 7 of 24 of the ulcerative 
colitis sera (p<0001). Four of 12 sera from 
patients with primary sclerosing cholangitis were 
positive (rxOOOl). 

Four of 52 (8%) of the sera from patients with 
Crohn's disease contained IgG anti-lactoferrin 
antibodies (not significantly different from the 
control group). All of these sera proved to come 
from patients with Crohn colitis. However, 
colitis also occurred in 33 of 48 (69%) without 
IgG anti-lactoferrin antibodies. Both in ulcera- 
tive colitis and primary sclerosing cholangitis. 



IgG anti-lactoferrin antibodies were found in 
50% of the sera (p<0 C01 in both instances). All 
of the anti-lactoferrin positive cholangitis sera 
belonged to patients suffering from concomitant 
ulcerative colitis - that is, 6 of 9 (67%) sera from 
patients with sclerosing cholangitis and con- 
comitant ulcerative colitis contained IgG anti- 
lactoferrin antibodies. Two of the sera from 
patients with primary sclerosing cholangitis and 
one serum from a patient with ulcerative colitis 
were positive in all three ELISA tests. However, 
in all three instances the ELISA tests gave quite 
different OD values in the different assays, 
indicating true positive ELISA test results. 

Positive anti-lactoferrin ELISA results were 
blocked by preincubation of the lactoferrin- 
coated microtitre plates with rabbit IgG anti- 
lactoferrin (not illustrated). The occurrence of 
IgG anti-lactoferrin was also confirmed by 
western blotting, revealing a single reaction band 
with an antigen of molecular weight about 80 000 
and corresponding to rabbit anti-human leuko- 
cyte lactoferrin (Fig 2). 

One patient originally included in the study 
had acute colitis and a high level of IgG anti- 
lactoferrin at the first sampling occasion, and a 
further raised anti-lactoferrin level in a later 
serum sample (not illustrated). This patient was, 
however, excluded from the study since her 
symptoms were explained by infection with 
Campylobacter jejuni. 

Figure 3 illustrates the lack of correlation 
between levels of IgG anti-human lactoferrin and 
IgG anti-bovine lactoferrin as tested by ELISA 
with 10 sera positive in the anti-human lacto- 
ferrin and 12 sera negative in the same test. 

Figure 4 shows the occurrence of IgA anti- 
bodies directed against a antigen, myeloperoxi- 
dase, and human lactoferrin. 

Raised levels of IgA anti-a antigen were seen 
in 12 of 51 (24%) sera from Crohn's disease 
(p<0»001), in 5 of 11 (45%) sera from patients 
with primary sclerosing cholangitis (p<0-001), 
but in only 2 of 21 (10%) sera from patients with 
ulcerative colitis (NS). The levels of IgA anti- 
myeloperoxidase did not differ from the control 
group in any of the disease states, whereas IgA 
anti-lactoferrin was significantly (p<0-05) more 
common in Crohn's disease, although it was seen 
only in a minority of the patient sera (5 of 51= 
10%). IgA anti-lactoferrin was found in signific- 
antly (p<0 001) increased frequency also in 
ulcerative colitis (7 of 21=33%), but not in 
sclerosing cholangitis (1 of 1 1 =9%). 

The levels of IgA- ANCAs were not explained 
by the occurrence of agglutinating rheumatoid 
factors (not illustrated). 

Figure 5 shows the frequency of positive IgG 
and/or IgA tests for either anti-a antigen, or anti- 
myeloperoxidase, or anti-lactoferrin in sera from 
blood donors, Crohn's disease, ulcerative colitis, 
and primary sclerosing cholangitis. Taken 
together, positive IgG tests for one or more of the 
three granulocyte antigens were found in 11% 
(24 of 218) control sera, in 19% (10 of 52) of 
Crohn's disease (NS), in 67% (16 of 24) of 
ulcerative colitis (p<0001 ), and in 67% (8 of 1 2) 
of primary sclerosing cholangitis sera; IgA ami- 
granulocyte antibodies were found in 7% (15 of 
2 1 1) of the controls, in 29% ( 1 5 of 5 1 ) of Crohn's 
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FigureS: Diagram summarising the ELISA tests for IgG and/or IgA autoantibodies against alt 
granulocyte antigens tested - that is, u antigen, myeloperoxidase, and human lactojemn. 



_ __j patients (p<0001), in 48% (10 of 21) of 
ulcerative colitis patients (p<0001), and in 55% 
(6 of 11) of primary sclerosing cholangitis sub- 
jects (p<0 001). Antibodies of either IgG or IgA 
class were found in 49% of the sera from patients 
with Crohn's disease (p<0 001), in 74% of 
the sera from patients with ulcerative colitis 
(p<0 00l), and in 82% of the cholangitis sera 
(p<0 001). 

There was no obvious correlation between 
disease activity or extraintestinal disease 
(arthritis, arthralgia, skin involvement) and 
the presence of IgG or IgA anti-granulocyte 




Figure 6: Granulocyte specific aniinuclear antibodies) perinuclear staining ana-neutrophil 
cytoplasm antibodies (GS-ANAfP-ANCAl I IF staining pattern achieved after incubation of 
anti-human milk lactoferrin antibodies with cytocentrifuged, ethanol fixed human 
polymorphonuclear granulocytes. 



antibodies. The levels of IgG and IgA anti- 
granulocyte antibodies did not correlate to 
the total serum levels of IgG and IgA (not 
illustrated). .^„ A 
Figure 6 shows the GS-ANA/P-ANCA 
immunofluorescence pattern of cytocentrifuged 
ethanol-fixed human polymorphonuclear 
neutrophil granulocytes after staining with 
rabbit anti-human milk lactoferrin. This, taken 
together with the western blot analysis (Fig 2), 
shows that antibodies against human milk lacto- 
ferrin recognise human leukocyte lactoferrin and 
vice versa. 



Discussion 

In this study we report high frequencies of IgG 
anti-lactoferrin antibodies (corresponding to 
P-ANCA) in sera from patients with ulcerative 
colitis and primary sclerosing cholangitis. In 
Crohn's disease, however, serum anti-lactoferrin 
antibodies of IgG were rarely detected, and then 
only in patients with colonic disease manifesta- 
tions. IgA anti-lactoferrin antibodies were, how- 
ever, found in some cases of both ulcerative 
colitis and Crohn's disease. 

Several different types of autoantibodies have 
been described in inflammatory bowel disease 
and primary sclerosing cholangitis." ,M * JI " 
Although none of the autoantibodies have been 
proved to be of pathogenetic significance, it has 
been shown, both in Crohn's disease and in 
ulcerative colitis, that IgG and complement can 
be present on the apical surface of enterocy tes in 
vivo,-" * possibly indicating a pathogenetic role 
for anti-epithelial/anti-brush border antibodies 
in inflammatory bowel disease. In this connec- 
tion, and considering the high frequency of anti- 
lactoferrin antibodies found in the present study, 
it is interesting to note that lactoferrin has been 
reported to bind to intestinal brush border via a 
specific receptor. *' Antibodies of IgA class 
directed against Saccharomyces cerviciae are 
common in Crohn's disease but not in ulcerative 
colitis, and determination of such antibodies 
may be of diagnostic help." It is possible that 
many of the anti-microbial antibodies described 
in inflammatory bowel disease and other inflam- 
matory disease states, may in fact be reflections 
of immunisation against microbial heat-shock 
proteins, which has been implied in the patho- 
genesis of several autoimmune disease states* 1 
and which may induce anti-lactoferrin anti- 
bodies" (see below). 

Wakefield et al presented evidence that 
vasculitis and microthrombosis in mesenteric 
vessels can be important pathogenetic factors in 
inflammatory bowel disease. ,,> " Furthermore, 
P-ANCA/GS-ANA, which occurs in several 
primary vasculitis diseases, can frequently be 
demonstrated in inflammatory bowel disease and 
primary sclerosing cholangitis also." ,s P-ANCA 
/GS-ANA is more common in ulcerative colitis 
than in Crohn's disease," " " which is confirmed 
in the present study by the high frequency of IgG 
anti-lactoferrin antibodies in ulcerative colitis 
and primary sclerosing cholangitis but not in 
Crohn's disease. In Crohn's disease the fre- 
quency of IgG anti-u antigen and anti- 
mycloperoxidase antibodies did not differ 
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statistically from the control group, although in a 
few instances the antibody levels were surpris- 
ingly high. En both ulcerative colitis and primary 
sclerosing cholangitis the frequency of l x>sitive 
IgG anti-a/anti-myeloperoxidase tests differed 
statistically from the control group, but in 
general the levels were low and, considering the 
small number of patients with positive anti-a/ 
anti-myeloperoxidase tests, the relevance of 
these results is uncertain. However, it is interest- 
ing that these types of ANCAs were found at all, 
since they are considered to be reliable markers 
of primary systemic vasculitis^ ANCAs of IgA 
class have been reported in Hennoch-Schonleins 
purpura and IgA nephropathy, although these 
findings are sometimes explained by the 
presence of rheumatoid factor." The appearance 
of antibodies directed against a antigen in some 
cases of ulcerative colitis (IgG) and in Crohn's 
disease (IgA) could possibly favour the hypo- 
thesis of primary vasculitis as a pathogenetic 
factor in these diseases.'^" 4 

Lactoferrin is an iron binding protein that 
occurs abundantly not only in the specific 
granules of granulocytes, 7 but also in tears, milk, 
and secretions at mucosal surfaces." " Raised 
levels of circulating lactoferrin are seen during 
active inflammatory disease. 17 It exerts anti- 
bacterial effects by depriving bacteria of iron 
required for growth, and it has anti-inflamma- 
tory properties - for example, by preventing 
complement activation through inhibition of 
classical C3 convertase. 3 * Lactoferrin can also 
prevent the formation of hydroxy! radicals by 
iron binding.*"* 9 Lactoferrin may thus be of 
great importance as a non-specific anti-phlogistic 
defence factor at the primary immunological 
barriers. It has been shown experimentally that 
binding of lactoferrin by anti-lactoferrin anti- 
bodies increases the amount and duration of 
hydroxyl radical formation by granulocytes. 39 
Hypothetical]y, anti-lactoferrin autoantibodies 
could, by counteracting the anti-inflammatory 
effects of lacto*>:rrin, aggravate and prolong 
mucosal inflammation induced by several differ- 
ent mechanisms, and the antibodies may there- 
fore have pathogenetic significance even though 
their occurrence does not seem to correlate with 
disease activity. Anti-lactoferrin antibodies may 
also have pathogenetic effects by activation of 
primed granulocytes infiltrating the gut mucosa 
or adhering to vessel walls, in analogy with the 
effects of other types of ANCA. 5 40 41 In addition, 
mucosal kctoferrin/anti-lactoferrin complexes 
may stimulate intestinal goblet cells to excessive 
mucus secretion, as do other immune com- 
plexes. 4 - On the other hand, the occurrence of 
anti-lactoferrin autoantibodies may, of course 
merely be an epiphenomenon without patho- 
genetic significance. The fact that the individual 
types of ANCA were found only in a minority 
(<50%) of the sera tested is an argument in 
favour of this. On the other hand, consumption 
of circulating antibodies cannot be ruled out in 
the seronegative instances. 

The origin of anti-lactoferrin autoantibodies is 
unknown. Although bovine and human lacto- 
ferrin have molecular and antigenic similari- 
ties,*' immunisation of experimental animals 
with bovine lactoferrin seldom seems to result in 



cross immunisation against human lactoferrin, 4 * 
and the lack of correlation between levels of anti- 
human lactoferrin and anti-bovine lactoferrin 
shown in this study contradicts the hypothesis 
that cross immunisation against dietary bovine 
lactoferrin explains the appearance of anti- 
human lactoferrin autoantibodies. An exciting 
possibility is the antigenic mimicry between the 
65 kO mycobacterial heat-shock protein (hsp- 
65) and human lactoferrin, and the fact that 
imm unis ation against hsp-65 results in the pro- 
duction of anti-lactoferrin antibodies. * ; Myco- 
bacterial infection and immunisation against 
mycobacterial antigens/hsp-65 have been impli- 
cated in several autoimmune disease states, both 
experimental and clinical.* ,n " 5 Considering 
the occurrence of IgA anti-lactoferrin antibodies 
in some cases of Crohn's disease in the present 
study, we find it interesting that IgA (but not 
IgG) anti-hsp-65 antibodies have been reported 
in Crohn's diseased Furthermore, the registra- 
tion of anti-lactoferrin antibodies in a case of 
Campylobacter colitis in this study is interesting 
with regard to the possibility of cross immunisa- 
tion against microbial antigen(s). We therefore 
intend to analyse additional sera from patients 
with infectious gastroenteritis for the presence of 
anti-lactoferrin antibodies. 

In conclusion, we have shown high frequen- 
cies of IgG anti-lactoferrin antibodies in ulcera- 
tive colitis, and primary sclerosing cholangitis, 
but not in Crohn's disease, whereas IgA auto- 
antibodies directed against lactoferrin ^were 
found in some cases of both ulcerative coitis and 
Crohn's disease. We suggest that anti-lactoferrin 
may be of pathogenetic significance by counter- 
acting the antiphlogistic properties of lactoferrin 
at mucosal surfaces, thereby aggravating and/or 
sustaining mucosal inflammation initiated by 
other factors. 
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Gastroenterologists are often faced with the diagnostic 



difficulty of differentiating patients with the irritable bowel 
syndrome (IBS) from those with organic intestinal pathology 
in particular inflammatory bowel disease (IBD). Many 
symptoms are common to both conditions including abdominal 
pajn, bloating, excessive flatus and altered bowel habit while 
other clinical features such as a predominance of diarrhoea 
and rectal bleeding will increase the likelihood of organic 
disease. Although symptoms are a surprisingly good guide to a 
diagnosis, most clinicians proceed to and rely on laboratory 
tests to aid in the differential diagnosis. Certainly, fulfill™ 
the ROME criteria?" and having a normal full blood counL 
routine biochemical screening, ESR and CRP are reassuring 
indicators pointing to IBS. As a result a number of 
investigators^ have recommended a straightforward 
approach to evaluation and treatment of patients with IBS 
based on the use of the Rome criteria as a means of cost 
effective management Despite this the use of the Rome 
criteria has not been universal and is largely confined to use as 
entry criteria into research studies of patients with IBS The 
concern for gastroenterologists is that some patients with 
organic intestinal msease will be inconectly diagnosed if excess 
reliance is placed upon these criteria They may therefore feel 
compelled to exclude all organic disease using invasive 
diagnostic investigations as objective evidence for there being 
no other significant pathology. This has significant 
implications for health care costs as well as exposing patients 
to the inherent risks associated with invasive procedures 



Once IBD is diagnosed the treatment involves induction and 
subsequently maintenance of remission based largely on 
clinical disease activity indices 1 "* and the physicians global 
assessment of well-being. The problem with the use of clinical 
disease activity scores is that they are a composite of 
quantitative subjective symptoms that are affected by non 
inflammatory processes such as fibrous strictures, fistulas and 
previous surgical intervention. As a guide to clinical decision 
making, many clinicians therefore use nonspecific laboratory 
tests to document relapse of disease and radiology and radio 
isotopic techniques to distinguish between actively inflamed 
disease and fibrotic strictures. In addition a number of blood 
tests (erythrocyte sedimentation rate (ESR), orosomucoid, C 
-reactive protein (CRP), platelet, and white cell counts, IL- 
6, TNF-a, IL-ip)i»n which reflect the systemic 
consequences of inflammation, have been proposed as 
predictors and/or markers of clinical relapse of IBD with 
varying degrees of success. However, the overall predictive 
values of these different variables in identifying patients at 
nsk of relapse have in general been disappointing. This is 
possibly due to the fact that these measures are non-specific, 
affected by a variety of non-intestinal diseases ,,2 » and most 
importantly do not measure the intestinal inflammation 
directly. Patients with clinically active IBD can have normal 
serological inflammatory indices while clinically quiescent 
disease may be associated with abnormal blood tests. In 
particular, there is a major discrepancy between severity of 
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symptoms and macroscopic evaluation of disease activity in 
patients with Crohn's disease limited to the colon. 

Mesiwalfwc&m tests 

Although imperfect the above approach to diagnosis and 
management of patients with IBD remains the norm and in 
general it works well for the vast majority of patients. 
However, few would argue with the notion that there is scope 
for improvement. Where is such improvement to come from? 
Recently, investigators have turned to direct tests of intestinal 
function. Such tests provide new, direct and different 
information. They have the potential to be used as a 
diagnostic screen for intestinal disorders as well as providing 
prognostic information for the behaviour of the disease. At 
present there are three kinds of intestinal function tests that 
could fulfill the above promise, two of which (intestinal 
permeability and white cell scans) have a 20 year history. The 
third, namely direct assay of faeces for inflammatory 
markers, we suspect has the greatest potential. There follows 
a brief outline of how these tests can provide information that 
is not obtainable by other methods and their possible use in the 
day-to-day management of patients with IBD. 

Permeability refers to that property of a membrane that 
enabfes passage of a solute by unmediated diffusion. The 
diffusion of a solute across a simple membrane is determined 
by the structure of the membrane (in terms of its 
composition, charge, thickness, etc.), the physicochemica) 
properties of the solute (like molecular size, shape, charge 
and solubility) and its interaction with the media or solvent 
Intestinal permeability is assessed non-invasively in vivo by 
measuring urinary excretion of orally administered substances. 
The ideal permeability probe is water-soluble, non-toxic, non- 
degradable and not metabolised before, during or after 
permeating the intestind 131 . The probes should preferably not 
be naturally present in urine, be completely excreted in the 
urine following intravenous administration and be easily and 
accurately measurable. Fordtran et of"* were instrumental in 
the development of ideas for assessing intestinal permeability 
in man but it was Menzies who introduced oligosaccharides as 
test substances for the non-invasive assessment of intestinal 
permeability™ in 1974. and later formulated the principle of 
differential urinary excretion of orally administered test 
substances 1161 . The importance of the differentia] urinary 
excretion principle is that it overcomes most if not all the 
problems associated with the use of a single test substance, 
where urinary excretion is dependent on a number of pre- 
and post-mucosal factors as well as intestinal permeability. 
The differential principle advocates that a nonhydrolyzed 
disaccharide (i.e. lactulose) and a monosaccharide (L- 
rhamnose or mannitol) are ingested together. As the pre- and 
post-mucosal determinants of their excretion affects the two 
test substances equally and the differential 5 hour urinary 
excretion ratio (ratio of lactulose/L-rhamnose) is not 
affected by these variables the urinary excretion ratio becomes 
a specific measure of intestinal permeability. 

Tests of intestinal permeability were initially designed to 
allow reliable non-invasive detection of patients with 
untreated coeliac disease"* 1 . The tests have since come to be 
viewed as synonymous with assessing intestinal barrier 
function. In clinically active small bowel Crohn's disease the 
vast majority of patients (>95%) have an increase in the 
differential urinary excretion of ingested di-/mono- 
saccharides (lactulose/L rhamnose or mannitol) and half of 
those with Crohn's colitis are abnormal 1131 . These figures are 



marginally improved with the use of SlCrEDTA, which 
requires a 24-hour, as opposed to a 5-hour urinary collection 
The vast majority of patients with ulcerative colitis have 
normal small intestinal permeability when assessed by these 
methods. However, tests of intestinal permeability have not 
found widespread application as screening tests to discriminate 
between patients with Crohn's disease and IBS. The reason for 
this is probably that the urinary sugar analysis is time 
consuming and demanding, and there may be some concern 
that the tests lack specificity being abnormal in a variety of 
small intestinal diseases (Table 1). At first sight the test 
appears to identify a number of "clinically irrelevant" 
diseases, which usually translates into disease for which no 
treatment is available, but in practice the tests seem often to 
identify small intestinal pathology where none was previously 
expected, thus expanding the number of identifiable small bowel 
pathologies. 

There have been attempts to use intestinal permeability as 
an index of disease activity in Crohn's disease. In general these 
have been disappointing because the degree of increase in 
the differential urinary excretion of lactulose/L-rhamnose or 
the excretion of "CrEDTA is dependent on localisation and 
extent of disease within the small bowel as well as activity 
of the inflammation 1131 . Abnormalities in intestinal permeability 
may, however, be used as a predictor of imminent relapse 
of quiescent Crohn's disease. Three studies have now 
shown that, in patients with Crohn's disease in clinical 
remission, an increased intestinal permeability can predict 
those at significant risk of relapse of disease in the next 
few months' 17 - 19 '. The strength of this association is difficult 
to assess from the published studies. Nevertheless, less 
than 20% of those with normal intestinal permeability 
appear to relapse over the ensuing 6 months. Interestingly, 
elevated levels of IL-6 in serum, which can be viewed as 
a surrogate marker of intestinal inflammation, also has a 
predictive value for relapse of Crohn's disease 101 , but 
receiver operating curve (ROC) analysis shows relatively 
low sensitivity and specificity (70 and 50%. respectively). 
The permeability ratio differs from such indices in that it is 
not based on concentrations of plasma proteins but rather 
represents functional changes in the intestinal mucosa, a 
direct consequence of intestinal inflammation. 

The clinical implications of these findings are discussed 
later. 

WHITE CELL SCMS AMD (FAECAL BICKETOOM 
Intense neutrophil recruitment to the intestinal mucosa is a 
feature common to inflammatory bowel diseases 1201 . When a 
patient's own radiolabeled neutrophils are re-injected they 
migrate to sites of acute inflammation as well as to the liver, 
spleen and bone marrow 121 '. Segal, Saverymuttu and 
Chadwick were instrumental in the introduction, validation 
and application of the 1 1 1 Indium white cell technique for use 
in gastroenterology*" 1 '. The technique visualises inflamed 
segments of bowel and quantitates the degree of inflammatory 
activity* 20 ^. 

A number of studies have established that abdominal 
scans are abnormal in virtually all patients with active IBD; 
their accuracy in localisation of disease and distinguishing 
between actively inflamed and fibrous structuring disease has 
implications for treatment. It was suggested that the technique 
could be used to discriminate, with an accuracy approaching 
100%, between patients with IBD and IBS at the first 
outpatient visit. In practice this suggestion was not followed 
up with relevant research. 

When combined with measurement of the 4 day faecal 
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excretion of labelled while cells for quantitation of the 
inflammatory activity the technique becomes a formidable tool 
for research and investigation. The faecal excretion of the 
labelled white cells quantitate inflammation accurately and can 
be used to document therapeutic efficacy of various treatments 
in IBD* 25 * 211 . It has also been used to define a number of 
enteropathies (NSAlDs, alcohol, chronic renal failure, 
hypogammaglobulinaemia, HIV-AIDS, etc.) where none 
were suspected or impossible to demonstrate by techniques 
other than perhaps the intestinal permeability tests (Table 
iy28i file method is not disease specific, resembling that of 
the permeability tests, but it is specific for intestinal 
inflammation. This is not a drawback as it is a simple matter 
to distinguish between the inflammatory activity in patients 
with IBD and the above enteropathies, colonic cancer, 
diverticulitis, etc., since patients with active IBD have 
excretion values often an order of magnitude higher than the 
others. 



Table 1 Some conditions reported to be associated with increased 


intestinal permeability 




Nonsteroidal anti-inflammatory drugs 


inflammatory bowel disease 


AJcofcol 


Ankylosing spondylitis 


Renal failure 


Coefac disease 


Abdominal radiation 


Intestinal tefcaemia 


Cytotoxic drug treatment 


HypogainmaghrfHilinapmia 


Abdominal surgery 


HIV infection 


Fasting 




Total parenteral nutrition 


Muldorgan failure 


Food allergy 


Diabetic diarrhoea 


Multiple sclerosis 


Scleroderma 


.Cystic fibrosis 


Reactive arthritis 


Recurrent abdominal pain of childhood 


Intestinal infections/ 




bacterial overgrowth 


Neomycin 


WhJppfes disease 


Acute and chronic liver disease 


Sarcoidosis 



Why has the white cell technique not been universally 
adapted for use as a diagnostic screen in IBD, and to assess 
disease activity? It requires expensive labeling facilities 
including labelling cabinets. The labeling procedure is time 
consuming, taking over 2 hours. The cost of isotope and 
material is in excess of £200 (US $300) and the radiation 
dose is not trivial if abdominal scans are carried out, being 
equivalent to that of a barium enema n9 '* q . A complete 4-day 
faecal collection is also demanding and unpleasant for 
patients, occasionally requiring hospital admission. 

Other methods have attempted to build on this success. 
One such is 99mTc labeling of white cells ,3l, . This is 
purported to give superior quality abdominal scintigraphy 
(which is not clinically important), but does not allow late 
(>4 hours) scanning, because the label comes off and is 
excreted into the bowel independent of white cell excretion. 
Furthermore a faecal collection provides no quantitative 
information on intestinal inflammation (as the Technetium 
comes off the white cells and is excreted in faeces) and the 
labeling requires the same facilities as the white cells. 

Newer techniques include E-selectin scanning* 321 . This 
method is derived from the more conventional labelled white 
cell scintigraphy, but uses a labelled antibody to E-selectin, 
which is over-expressed in endothelial cells at sites of 
inflammation. It has the advantage of studying a more fixed 
entity that (unlike white cells) will not be shed at a variable 
rate into the bowel lumen and is applicable to the occasional 
patient with intestinal inflammation who is neutropenic. 

In our opinion, the greatest impact that the white cell 



technique has had is that it ©emphasised that if a sensitive 
method is to be established for assessing intestinal function 
there are no shortcuts. Neurologists assess spinal fluid, 
respiratory physicians assess sputum, urologists urine and the 
gastroenterologist needs to come terms with the fact that 
faecal analysis is essential to obtain maximal information about 
the state of the intestine. ® emphasised that there is life 
beyond morphological assessment of the gut (x-ray and 
colonoscopic studies). ® raised the possibility of dramatically 
changing our views on the treatment of IBD. Many patients 
with IBD in full clinical remission are shown to have 
significant intestinal inflammation 1 * 7 * 331 . At present treatment 
is non-speciflcally directed at maintaining remission (5-ASA, 
azathioprine, etc.). It seems highly probable that those 
patients with substantial inflammatory activity should be 
targeted for more aggressive therapy, in particular if they can 
be shown to be at significant risk of clinical relapse of disease. 
The analogy with the treatment of rheumatoid arthritis springs 
to mind. Here, first line treatment is directed to wards 
reducing the acute inflammatory component of the disease 
followed by a number of second line agents that can alter the 
natural history of the disease, reduce the frequency, duration 
and severity of relapses as well as reducing the joint damage. 

FAECAL C9MJJCEKS 

Faecal analysis is unpleasant but has been with us for a long 
time. Measure of electrolytes and osmolality helped in 4he 
differential diagnosis of diarrhoea in children. Faecal fats 
were a widespread screening test for steatorrhea for a while 
and faecal occult bloods have become the yardstick for 
colorectal screening with which other methods need to be 
compared. An improvement on these techniques was the 
introduction of radioisotopically labelled compounds (labelled 
red blood cells, proteins, white cells) which provided 
quantitative and functional data and which was event specific 
(blood loss, inflammation, protein losing enteropathy, etc.) 
but non-specific for disease. 

The inflamed hyperpermeable mucosa of patients with 
inflammatory bowel disease is associated with increased protein 
loss into the bowel lumen 134 '. Studies using radiolabeled 
proteins have demonstrated that there is faecal protein loss in 
patients with active Crohn's disease and it may therefore be a 
useful marker of disease activity. Other studies have shown faecal 
al antitrypsin clearance to be a useful indicator of protein losing 
enteropathy^ and that in patients with inflammatory bowel disease, 
72 hour faecal clearance of al antitrypsin is a useful method for 
quantitating intestinal protein loss 11 *- 371 . Faecal clearance of al 
antitrypsin correlates with that of^Cr-albumin, and moderate rectal 
bleeding does not affect the al antitrypsin determination™. 
Random faecal al antitrypsin levels have been shown to be as 
useful as more prolonged collection in measuring Crohn's disease 
activity* 331 and correlated with several other laboratory measures 
that have been proposed as indicators of Crohn's disease 
activity 1391 . 

Concerns about costs, radiation, and the need for 
prolonged faecal collections all worked against these 
techniques for routine use, although many remain very 
important for research studies. The idea then emerged that it 
might be possible to assay for cell proteins or substances that 
are specifically associated with a certain cell type and which 
would then provide information on a specific component of 
the inflammatory cascade. Ferguson's Edinburgh group was 
instrumental in expanding this idea 1401 . Concerned about 
bacteria] degradation of markers they used a whole gut lavage 
method involving ingestion of polyethylene-based purgatives 
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(Kleenprep or GoLitely) for obtaining clear liquid faecal 
samples for analysis. The analysis took to various markers, 
such as immunoglobulins, neutrophils-specific elastase, 
andhaemoglobin. Separate studies showed that Crohn's disease 
could be identified with ease, and that the method had a 
greater sensitivity for colorectal cancer than the conventional 
faecal occult blood technique. Ideally suited for research, the 
method has as yet not found wide application for routine 
screening purposes, possibly because of the drawback of 
patients needing to ingest large volumes of liquid. 

Direct analysis of markers in faeces would be a major 
advance on this method. Here the problem is initially the 
bacterial degradation of the marker necessitating swift sample 
handling. One such marker, TNF, has been successfully used 
in children and in HIV infection in adults*"' 321 . However, it 
is now clear that it is not necessary for the marker to be 
completely non-degraded, provided that the antibody (most of 
these assays are ELISA's or radio immunoassay) is directed at 
an epitope of the molecule which resists degradation. One 
such assay is that for Iactofenin K3> . Lactoferrin is a relatively 
specific marker for neutrophils, in which it is present in 
cytoplasmic granules. 

The greatest experience with analysis of faecal proteins is with 
caiprotectin 1 *" 81 . It accounts for up to 50% of the neutrophilic 
cytosolic protein while being resistant to colonic bacterial 
degradation. It is easily measured in faeces by a commercially 
available ELISA. 

Caiprotectin was first isolated from granulocytes by 
Fagerhol et aJ^and named LI protein, but was later named 
caiprotectin upon identification of its calcium binding and 
antimicrobial properties 1501 . The protein is a heterocomplex 
protein consisting of two heavy (L1H) chains and one light 
(L1L) chain 1 " J which are non-covalently linked^. 
Caiprotectin appears to play a regulatory role in the 
inflammatory process 4 *! and functions in both an 
antinwcrobial 15 *** and antiproliferative capacity 135 * 571 . It has 
both bactericidal and fungicidal properties with minimal 
inhibitory concentrations comparable to those of many 
antibiotics 15 *. It is released from the cells during cell 
activation or cell death. The C-terminal sequence of the L1H 
chain has been shown to be identical to the N-terminus of 
peptides known as neutrophil immobilising factors (NIF) 1581 . 
It has been suggested that NIF activity of the L1H chain 
depends upon its phosphorylation 1591 and that such an activity 
of caiprotectin could be important for the accumulation of 
granulocytes, while caiprotectin released from dead 
neutrophils, macrophages and epithelial cells might exert 
antimicrobial activity, possibly by depriving microorganisms 
of zinc 160 * 1 '. Caiprotectin may inhibit metalloproteinases W21 
which may also involve the deprivation of zinc suggesting mat 
it may limit their participation as enzymatic cofactors for 
invading organisms. Interest in caiprotectin as a marker for 
inflammation in the gut followed the realisation that 111 
Indium labelled granulocyte scans could be used to both 
visualise and quantitate the acute inflammation in the gut of 
patients with inflammatory bowel disease 110 - 231 . These 
findings led to the idea mat an increased influx of granulocytes 
into the intestinal mucosa in conditions of inflammation might 
give increased levels of proteins from such cells in faeces. 

Others' 631 have demonstrated that eosinophilic 
granulocytes are the main cellular source of caiprotectin in the 
normal gut mucosa. However, relatively high levels of 
caiprotectin are found in the stools of normal individuals- 



about six times the plasma levels (which are about 0 
5mg/L) . This is compatible with data suggesting that in 
normal individuals most circulating neutrophils migrate 
through the mucosal membrane of the gut wall and thereby 
terminate their circulating life 1641 . Subsequent lysis within the 
gut lumen and release of cytosolic caiprotectin thereby 
accounts for the median faecal levels of 2.0mg/L seen in 
healthy controls'** 31 . The diagnostic use of faecal 
caiprotectin in a broad spectrum of intestinal diseases has been 
studied by a number of groups with remarkable agreement 
between the results to date. 

It is almost possible to extrapolate all the findings obtained 
with the white cell faecal excretion technique to the caiprotectin 
method. Both techniques correlate with histopathological 
assessment of disease activity in ulcerative colitis and there is 
a very good correlation between the 4-<iay faecal excretion of 
white cells and faecal caiprotectin concentrations' 3 " 51 , a 
correlation which is maintained when single stool caiprotectin 
concentrations are used as opposed to 1 or 4 day collections. 
The faecal caiprotectin concentration has a narrow normal range 
with an upper limit of lOmg/L. As with the white cells, faecal 
caiprotectin has potential as a screening procedure to 
differentiate between patients with IBD and IBS and it may be 
useful for documenting a fall in intestinal inflammation in 
response to successful treatment of disease. Caiprotectin 
concentration is rarely within the normal range in patients with 
IBD despite full clinical remission and is therefore a highly 
sensitive method for detecting such patients irrespective of 
disease activity. In over 100 patients with Crohn's disease of 
varying severity and activity only 4 had normal caiprotectin 
concentrations' 131 . 

Since the method is so much simpler than the white cell 
technique, requiring only a single stool sample, extraction and 
an ELISA, it has potential as a screening test to distinguish 
between patients with IBD and IBS in an outpatient setting. 
One study in over 225 patients showed that a cut off of 30mg/L 
had a 100% sensitivity and 94% specificity for this purpose' 331 . 
Another showed that this was also the case when over 600 
unselected consecutive patients were studied. Indeed a 
patient presenting with positive ROME criteria and a normal 
faecal caiprotectin has virtually no chance of having IBD 1661 . 
As a result of these studies it is now our practice not to 
investigate such patients by radiology or colonoscopy with 
considerable cost saving implications. The white radiolabelled 
cell technique demonstrated reduced intestinal inflammation 
in response to 5- ASA treatment and elemental diets. We have 
shown (unpublished) that improvement in caiprotectin 
parallels the improvement in the excretion of labelled white 
cells in response to treatment witb elemental diets. These 
techniques prove to be much more reliable and reproducible 
than the changes in clinical disease indices. It seems likely that 
the assay of faecal caiprotectin will become an integral part of 
the assessment of therapeutic efficacy of the acute 
inflammation in future treatment trials in patients with IBD. 

Apart from screening and assessing response to 
treatment, the faecal caiprotectin has a further major 
advantage over the white cell labeling technique in predicting 
relapse of IBD. It has been shown that, in patients with 
clinically quiescent IBD (ulcerative colitis and Crohn's 
disease), faecal caiprotectin values above 50mg/L may be 
used to predict dinical relapse of disease within a few months 
with over 80% sensitivity* 71 . Symptoms of inflammatory 
bowel disease often appear to be the direct consequence of the 
inflammatory process itself and often vary dependent upon 
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the location of the inflammation. Most patients with quiescent 
IBD have low-grade inflammation 1371 and it is possible that 
symptomatic relapse occurs only when the inflammatory 
process reaches a critical intensity. Furthermore, as 
inflammation is a continuous process it may be that direct 
assessment of the level of inflammatory activity may provide a 
quantitative pre-symptomatic measure of imminent clinical 
relapse of the disease. 

The clinical implications of this, if substantiated, are 
considerable as it might offer targeted treatment at an earlier 
stage, with less side effects, to avert the relapse, as well as 
assessment of new therapeutic strategies to maintain 
symptomatic remission 1681 . At present this is done with some 
degree of success with the rather indiscriminate use of 
sulphasalazine, 5-ASA and azathioprine, all of which are 
associated with side effects. However the calprotectin method 
offers guidance as to whom to treat at this stage and with what 
kind of vigour. Theoretically such treatment should lead to a 
dramatic reduction in the frequency and severity of clinical 
relapses with an improvement in the patient's quality of life. 

In addition, the identification of patients at high risk of 
relapse will improve the design of clinical trials to assess the 
efficacy of therapeutic regimes designed to maintain patients 
in remission. In most such trials, patients studied tend to be a 
heterogeneous mi* of those with high and low risk of relapse. 
This introduces possible bias when assessing the response to a 
particular treatment regime due to the imbalance of high risk 
patients in each treatment arm. Stratification by risk group 
using faecal calprotectin would reduce the possibility of such a 
bias. It is also possible that a lack of power in detecting a 
response to treatment may be due to the study of a large 
number of patients at low/intermediate risk of relapse, in 
whom all treatments may show the same efficacy, and 
therefore clinical trials studying a homogenous high risk group 
may be more powerful in detecting a difference in treatment 
efficacy. 

Much work remains to be done, some is already on its way, 
but what is clear is that gastroenterologists need to move with 
the times and start thinking along the lines that rheumatologists 
do, that is, to implement treatments that alter the natural history 
of the disease. We are now in possession of tests that have the 
potential to revolutionise our approach to treatment of patients 
with IBD. There are some hurdles to overcome. The most 
frequent criticism of the "faecal- tests is that they are 
unacceptable to patients and unpleasant to work with. 

The faecal calprotectin and fectoferrin methods are the 
first wave of techniques that allow non-invasive assessment of 
specific and selective cellular components of the intestinal 
inflammatory cascade. At present these are useful for a 
variety of purposes, outlined above, but it is likely that it will 
be possible to estimate the participation of other cells. Many 
other cells of the inflammatory cascade are numerically 
increased in biopsy specimens from patients with a variety of 
gastroenterological conditions. Some, such as mast cells and 
eosinophils, are thought to play a central role in mediating 
intestinal allergic reactions 1691 . However, both types of cell 
are found to be activated in a number of other gastrointestinal 
inflammatory diseases such as inflammatory bowel disease, 
coeliac disease, eosinophilic gastroenteritis* 651 and collagenous 
colitis 110 ', suggesting that both cell types may be involved in 
the pathogenesis of chronic intestinal inflammation. It may 
therefore be possible, as for neutrophils and calprotectin, to 
identify mast cell granule proteins, such as tryptase and 
chymase, in faecal samples and use them as markers of a 
specific component of the intestinal inflammatory response. 



The long-term objective might be to fully automate a faecal 
sample assay method that provides specific information on the 
activity of acute inflammation (neutrophils), chronic 
inflammation (T-cells) and allergy (mast cells). 
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Both celiac disease and inflammatory bowel disease (IBD) are characterized by chronic diarrhea and the 
presence of distinct (auto)antibodies. In the present study we wanted to determine the prevalence of serological 
markers for inflammatory bowel disease, i.e., perinuclear antineutrophil cytoplasmic antibodies (pANCA) and/or 
anti-Saccharomyces cerevisiae antibodies (ASCA), in 37 patients with biopsy-confirmed celiac disease (Marsh 
Illb/c). The majority of the patients was positive for IgA (auto)antibodies typically associated with celiac disease, 
i.e., antiendomysium antibodies (EMA) (86.5%), antigliadin antibodies (AGA) (73%), and antirecombinant human 
tissue transglutaminase antibodies (rh-tTGA) (86.5%). Four patients with selective IgA deficiency could be 
identified by analyzing EMA, AGA, and rh-tTGA for the IgG isotype. The prevalence of pANCA and ASCA, 
markers that are used for IBD, was unexpectedly high in our cohort of patients with celiac disease: 8 patients 
were positive for pANCA (IgG) and 16 patients were positive for ASCA (IgG and/or IgA). These results indicate 
that the presence of pANCA or ASCA in the serum of patients with chronic diarrhea does not exclude celiac 
disease. A prospective study is required to determine whether pANCA and/or ASCA identify patients at risk for 
developing secondary autoimmune disease. 
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OBJECTIVES: The aims of this study were: 1 ) to examine whether the fecal levels of eosinophil granule-derived 
proteins reflect disease activity in inflammatory bowel disease (IBD); and 2) to examine the extracellular release 
of these proteins from eosinophils and their stability in feces by an in vitro study. METHODS: We investigated 42 
patients with ulcerative colitis (UC), 37 patients with Crohn's disease (CD), and 29 control subjects. The stool 
samples were collected at 4 degrees C over 48 h and were homogenized. The fecal levels of eosinophil cationic 
protein (ECP) and eosinophil protein X (EPX) were measured by radioimmunoassay. Fecal Hb (Hb), alphal- 
antitrypsin (AT), and lactoferrin (Lf) were also measured by ELISA. RESULTS: Fecal ECP and EPX 
concentrations were significantly increased in both active UC and active CD compared to inactive UC and inactive 
CD, respectively. Fecal EPX concentration correlated with the fecal Hb, AT, and Lf concentrations more closely 
than fecal ECP concentration. Even in the inactive stage, CD patients who relapsed within the following 3 months 
showed higher fecal ECP and EPX concentrations compared to the patients who did not EPX was released 
extracellularly more efficiently than ECP (18.6% vs 6.3%, after incubation for 15 min at 25 degrees C). EPX was 
more stable in the feces than ECP. CONCLUSIONS: The measurement of eosinophil granule-derived proteins in 
feces is useful for evaluating disease activity and predicting relapse in patients with IBD. EPX may be more 
suitable than ECP as a fecal eosinophil marker. 
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OBJECTIVES: The aims of this study were: 1) to examine 
whether the fecal levels of eosinophil granule-derived pro- 
teins reflect disease activity in inflammatory bowel disease 
(IBD); and 2) to examine the extracellular release of these 
proteins from eosinophils and their stability in feces by an in 
vitro study. 

METHODS: We investigated 42 patients with ulcerative co- 
litis (UC), 37 patients with Crohn's disease (CD), and 29 
control subjects. The stool samples were collected at 4°C 
over 48 h and were homogenized. The fecal levels of eo- 
sinophil cationic protein (ECP) and eosinophil protein X 
(EPX) were measured by radioimmunoassay. Fecal Hb 
(Hb), a 1 -antitrypsin (AT), and lactoferrin (Lf) were also 
measured by ELISA. 

RESULTS: Fecal ECP and EPX concentrations were signif- 
icantly increased in both active UC and active CD compared 
to inactive UC and inactive CD, respectively. Fecal EPX 
concentration correlated with the fecal Hb, AT, and Lf 
concentrations more closely than fecal ECP concentration. 
Even in the inactive stage, CD patients who relapsed within 
the following 3 months showed higher fecal ECP and EPX 
concentrations compared to the patients who did not. EPX 
was released extracellularly more efficiently than ECP 
(18.6% vs 6.3%, after incubation for 15 min at 25°C). EPX 
was more stable in the feces than ECP. 

CONCLUSIONS: The measurement of eosinophil granule-de- 
rived proteins in feces is useful for evaluating disease ac- 
tivity and predicting relapse in patients with IBD. EPX may 
be more suitable than ECP as a fecal eosinophil marker. 
(Am J Gastroenterol 1999;94:3513-3520. © 1999 by Am. 
Coll. of Gastroenterology) 

INTRODUCTION 

Eosinophils are involved in a broad range of diseases such 
as allergic, inflammatory, and malignant disorders (1, 2). 
The specific granules of the eosinophils contain a number of 
highly cationic proteins such as eosinophil cationic protein 
(ECP), eosinophil protein X (EPX)/eosinophil-derived neu- 
rotoxin (EDN), major basic protein (MBP), and eosinophil 



peroxidase (EPO). These proteins have potent cytotoxic 
action and are released from the cells after activation and 
stimulation of the cells (3). Intestinal mucosa of the patients 
with inflammatory bowel disease (IBD) is characterized by 
epithelial cell damage and infiltration of various inflamma- 
tory cells. The inflammatory cells include neutrophils, lym- 
phocytes, plasma cells, macrophages, and eosinophils. Neu- 
trophils contain various proteins such as lactoferrin, PMN 
(PMN)-elastase, myeloperoxidase, and lysozyme in their 
granules. We previously reported that the fecal levels of 
these neutrophil-derived proteins increased in feces in pa- 
tients with active IBD and reflect disease activity (4, 5). We 
then considered that the measurement of fecal eosinophil- 
derived proteins may provide information regarding eosin- 
ophil involvement in the pathological process of IBD. The 
aims of the present study were: 1) to examine whether the 
fecal levels of eosinophil granule-derived proteins (ECP and 
EPX) reflect disease activity and predict relapse in patients 
with IBD; 2) to compare fecal eosinophil granule-derived 
proteins and other fecal markers of disease activity; and 3) 
to examine the. extracellular release of eosinophil granule- 
derived proteins from eosinophils and their stability in feces 
by an in vitro study. 

MATERIALS AND METHODS 

Extracellular Release of ECP 
and EPX by Eosinophils In Vitro 

A quantity of 500 /xl of heparinized blood samples from four 
healthy subjects were incubated at 25°C for 15 min. Plasma 
was obtained by centrifugation at 2000 g for 5 min. The 
concentration of ECP and EPX in plasma was measured by 
a radioimmunoassay (RIA) kit (Pharmacia and Upjohn, 
Kalamazoo, MI). To determine the total amount of ECP and 
EPX in whole blood, Triton X-100 (1% final concentration) 
was added to the heparinized blood samples, and the con- 
centrations of ECP and EPX were measured. The percentage 
of ECP and EPX released extracellularly was obtained by 
the following equation: Percent extracellular release (%) = 
(a/b) X 100, where a is the concentration (ng/ml) in plasma 
after incubation and b is the concentration (ng/ml) in whole 
blood treated with Triton X-100. 
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Subjects 

A total of 42 patients with UC (age 34.5 ± 1 5.5 yr [mean ± 
SD]; eight with proctitis, 1 1 with left-sided colitis, 23 with 
pancolitis) and 37 patients with CD (age 29.1 ± 13.0 yr, 13 
with the small intestine type, 18 with the small and large 
intestine type, six with the large intestine type) were eval- 
uated. Crohn's colitis and UC were differentiated endoscop- 
ically and histologically. UC was defined as being in the 
active phase if the patients showed clinical symptoms (rectal 
bleeding, diarrhea) and/or an inflamed colonic mucosa (Bar- 
on's grade 2 or 3) at colonoscopy (6). Disease activity in CD 
was assessed according to the Crohn's disease activity index 
(CDAI), in which a score of > 1 50 was considered to rep- 
resent active disease (7). Regarding medication, sulfasala- 
zine or 5-aminosalicylate was administered in 41 of 51 
active UC samples, in 33 of 38 inactive UC samples, in 38 
of 50 active CD samples, and in 34 of 49 inactive CD 
samples. Prednisolone was administered in 19 of 51 active 
UC samples, in 19 of 38 inactive UC samples, in 14 of 50 
active CD samples, and in 15 of 49 inactive CD samples. 
The control group consisted of 29 subjects (age 40.6 ±21.5 
yr) with no endoscopic abnormality in the upper or lower 
digestive tract. 

Informed consent was obtained from each subject in 
accordance with the Declaration of Helsinki. 

Method of Stool Collection and 
Measurement of Fecal ECP, EPX, Hb (Hb), 
al -Antitrypsin (oil- AT), and Lactoferrin (Lf) 
Patients were instructed to defecate directly into a polysty- 
rene container (diameter 15 cm, depth 12 cm). The stool 
samples, stored at 4°C over 48-72 h, were homogenized 
with a small amount of water, and then stored at -80°C 
until the time of measurement. The fecal levels of ECP and 
EPX were measured by an RIA kit (Pharmacia and Upjohn). 
An RIA kit for ECP was a kind gift from Pharmacia and 
Upjohn. The optimal sample dilution for assay was first 
examined. Samples diluted at 1:40 or more with PBS 
showed good linearity of the assay system, whereas samples 
diluted at 1 :20 with PBS showed a higher level than theo- 
retically expected. This was considered to be due to possible 
interference present in the stool. Therefore, the samples 
were diluted at 1:40 or more with PBS. Coefficient of 
variations in intraday assay and interday assay for ECP and 
EPX were <15%. Fecal Hb, al-AT and Lf were measured 
by ELISA as described previously (5, 8). Fecal Hb and 
cxl-AT are useful markers of disease activity in UC and CD, 
respectively (5). Fecal Lf is useful particularly for evaluat- 
ing the presence of minimal intestinal inflammation (8). 

Stability of ECP and EPX in Feces 

To examine the stability of these proteins in the feces, 

homogenized stool samples were stored at 4°C, 25°C, and 

37°C for 0, 12, 24, and 48 h before freezing and subsequent 

analysis. 
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Figure 1. Extracellular release of ECP and EPX by eosinophils in 
vitro. Student's / test was used for statistical analysis: ** p < 0.01. 

Contribution of Fecal Concentrations 
of ECP and EPX in the Inactive Phase of 
the Disease in Predicting Subsequent Relapse 
Among the patients described in the Subjects section, 30 
patients with UC (age 33.4 ± 15.0 yr [mean ± SD]; six with 
proctitis, nine with left-sided colitis, and 1 5 with pancolitis) 
and 35 patients with CD (age 29.1 ± 13.5 yr, 13 with the 
small intestine type, 17 with the small and large intestine 
type, and five with the large intestine type) were used as 
subjects to examine the contribution of fecal concentrations 
of ECP and EPX in predicting subsequent relapse. At the 
time of stool collection, all these patients had been at an 
inactive stage for >2 months. The patients were divided into 
"relapse patients" and "nonrelapse patients." There were no 
significant intergroup differences in the distributions of age 
and type of disease. Relapse was considered to occur when 
the disease became active. The definitions of active disease 
were mentioned above. A patient who relapsed within the 3 
months after collecting stool samples was defined to be a 
"relapse patient." A patient who did not relapse within the 
3 months after collecting stool was defined as a "nonrelapse 
patient." Fecal concentrations of ECP, EPX, Hb, al-AT, 
and Lf were compared between "relapse patients" and "non- 
relapse patients." 

Statistical Analysis 

Values were expressed as means ± SE. Student's / test 
was used for statistical analyses. Linear regression anal- 
ysis was used for correlation analysis. All p values were 
two-tailed; values of p < 0.05 were considered statisti- 
cally significant. 

RESULTS 

Extracellular Release of ECP 
and EPX by Eosinophils In Vitro 

As shown in Figure 1, the extracellular release of ECP and 
EPX were 6.3 ± 2.0% and 18.6 ± 2.4%, respectively. The 
extracellular release of EPX was more efficient than that of 
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Figure 2. Stability of fecal ECP and EPX in feces: filled circles, at 4°C; &filled triangles, at 25°C; open circles, at 37°C. 



ECP. After treatment with Triton X-100, the mean concen- 
trations of ECP and EPX in whole blood were 138 and 171 
/xg/ml, respectively. 

Stability of Fecal ECP and EPX 

The data are shown in Figure 2. The concentration of ECP 
and EPX was expressed as a percentage of the original 



concentration at 0 h. EPX was more stable in the feces than 
was ECP (92.2% vs 73.0% at 25°C for 48 h). 

Levels of Fecal ECP and 

EPX in Patients With UC and CD 

Fecal concentrations of ECP and EPX in patients with UC 

and CD were demonstrated in Figures 3 and 4. In patients 
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Rgure 3. Fecal concentrations of ECP and EPX in patients with UC. UC-A, ulcerative colitis (active phase); UC-1, ulcerative colitis 
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indicated by open circles. When the patients who received corticosteroids were excluded from the subjects, the same differences were 
found. Student's / test was used for statistical analyses: * p < 0.05; ** p < 0.01. NS = not significant. 
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Figure 4. Fecal concentrations of ECP and EPX in patients with CD. CD-A; Crohn's disease (active phase); CD-I, Crohn's disease (inactive 
phase). Patients who did not receive corticosteroids are indicated by filled circles, and patients who received corticosteroids are indicated 
by open circles. When the patients who received corticosteroids were excluded from the subjects, the same differences were found. 
Student's / test was used for statistical analyses: * p < 0.05; ** p < 0.01. NS = not significant. 



with active UC, inactive UC, active CD, inactive CD and in 
the control subjects, fecal ECP concentrations were 822.1 ± 
169.3, 239.3 ± 34.9, 785.4 ± 194.9, 301.9 ± 52.4, and 
248.4 ± 39.3, respectively. Respective fecal EPX concen- 
trations were 8576.3 ± 2043.5, 654.4 ± 118.4, 3522.9 ± 

604.7, 910.2 ± 123.7, and 455.0 ± 61.4. In both UC and 
CD, there were significant differences between the active 
and inactive phases, and between the active phases and the 
control. When patients who received corticosteroids were 
excluded from the subjects, the same differences were 
found. Fecal EPX showed more evident difference between 
the disease group and the control than fecal ECP. Patients 
with active UC were further divided into two groups: pa- 
tients with massive bleeding (daily fecal Hb excretion > 0.5 
g/day) and patients without massive bleeding. Patients with 
active CD were divided into two groups according to their 
CDAI score. In patients with active UC (massive bleeding, 
n = 10), active UC (no massive bleeding, n = 41), active 
CD (CDAI > 200, n = 12) and active CD (150 < CDAI < 
200, n = 37), the fecal ECP concentrations were 945.4 ± 

236.8, 792.0 ± 203.4, 884.0 ± 578.1, and 682.2 ± 176.4, 
respectively. The respective fecal EPX concentrations were 
22308.7 ± 6735.0,4788.0 ± 1162.5,4098.4 ± 1191.5, and 
3240.1 ± 742.5. There were significant correlations be- 
tween the fecal levels of eosinophil granule-derived proteins 
and daily fecal Hb excretion in UC (r = 0.400, p < 0.001 
for ECP, r = 0.745, p < 0.001 for EPX). Between the active 



UC with massive bleeding and those without massive bleed- 
ing, there was a significant intergroup difference in the fecal 
EPX concentration, but not in the fecal ECP concentration. 
In CD, there was a significant correlation between the fecal 
EPX concentration and CDAI (r = 0.505, p < 0.001), but 
not between the fecal ECP concentration and CDAI (r = 
0.202, p = 0.053). Between active CD (CDAI > 200) and 
active CD (150 < CDAI < 200), however, there was no 
significant intergroup difference in fecal ECP or EPX con- 
centrations. 

Relationship Between Fecal ECP 
and EPX in Patients With UC and CD 
The values are shown in Figure 5. There were significant 
correlations on the logarithmic scale between ECP and EPX 
concentrations in UC and CD. UC showed better correlation 
than CD. Most of the samples that showed a normal ECP 
concentration and a high EPX concentration were obtained 
from active patients (18 of 21 in UC, and 16 of 25 in CD). 

Relationship Between Fecal Eosinophil Markers 
and Hb or al-A T in Patients With UC and CD 
We previously found that fecal Hb and al-AT were useful 
markers of disease activity in UC and CD, respectively. We 
therefore examined the relationship between concentrations 
of the eosinophil markers (ECP, EPX) and the concentra- 
tions of Hb or a 1 - AT. As shown in Figure 6, there were 
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Figure 5. Relationship between fecal ECP and EPX in patients with UC and CD. Dotted lines, mean + 2 SD of the control subjects (712.0 
ng/g, 1115.8 ng/g for ECP, EPX, respectively). Open circles, inactive phase; filled circles, active phase. 



significant correlations on the logarithmic scale between 
eosinophil markers and Hb or al-AT in UC and CD. Fecal 
EPX concentrations correlated with the fecal Hb or AT 
concentrations more closely than did the fecal ECP concen- 
trations. Good correlations were obtained in UC, but not in 
CD. 

Relationship Between Fecal Eosinophil 
Markers and Lf in Patients With UC and CD 
The values are shown in Figure 7. There were significant 
correlations on the logarithmic scale between fecal eosino- 
phil markers and Lf in UC and CD. UC showed better 
correlation than CD. Fecal EPX concentrations correlated 
with the fecal Lf concentrations more closely than did the 
fecal ECP concentrations. 

Predictive Value of Fecal 
Eosinophil Markers for Subsequent Relapse 
As shown in Figure 8, in patients with CD, fecal ECP and 
EPX showed significant differences between "relapse pa- 
tients" and "nonrelapse patients." In UC, there were no 
significant differences between "relapse patients" and "non- 
relapse patients." However, UC patients with high levels of 
fecal eosinophil markers relapsed. In contrast to fecal eo- 
sinophil markers, fecal Hb, al-AT, and Lf did not show 
significant differences between "relapse patients" and "non- 
relapse patients" in either UC or CD (data not shown). 

DISCUSSION 

In patients with various intestinal diseases including IBD, 
increased eosinophil counts and enhanced eosinophil acti- 



vation were found in the intestinal mucosa (9-11). Because 
there has been no appropriate method to assess the eosino- 
phil activation of the intestinal mucosa, the role of eosino- 
phils in the pathogenesis of IBD remains unclear. Routine 
histological observation of the intestinal mucosa misses 
degranulated eosinophils and is not sufficient for the assess- 
ment of eosinophil activation. Immunohistochemistry using 
antibody against eosinophil granular proteins is useful for 
assessing eosinophils of the intestinal mucosa (9). However, 
colonoscopy is required to obtain biopsies of the intestinal 
mucosa. In contrast, fecal tests are safe and can be per- 
formed repeatedly. To establish the measurement of fecal 
eosinophil markers is important from a clinical point of 
view. Eosinophils produce and release various inflammatory 
mediators. Among them, a number of highly cationic pro- 
teins present in the granules of the eosinophils are specific 
for eosinophils. In the present study, therefore, we focused 
on fecal eosinophil granule-derived proteins as a marker of 
eosinophil activation of intestinal mucosa. 

There have been two reports concerning fecal eosinophil 
granule-derived proteins (13, 14). Comparing the two stud- 
ies, Berstad et ah reported approximately 20-fold higher 
fecal levels of ECP in feces than did Bischoff et ah The 
present study demonstrated that the assay system had good 
linearity and a reasonable coefficient of variations. The fecal 
ECP levels of the present study were closer to that reported 
by Berstad et ah Both reports showed high fecal levels in 
patients with active IBD. However, they did not characterize 
inactive patients who had high fecal levels of eosinophil 
markers. The usefulness of fecal eosinophil markers for 
predicting relapse was not examined. In addition, we com- 
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Figure 6. Relationship between fecal eosinophil markers and Hb or al-AT in patients with UC and CD. Dotted lines, mean + 2 SD of 
the control subjects (712.0 ng/g, 1 1 15.8 ng/g, 9.7 /xg/g, and 995.5 ptg/g for ECP, EPX, Hb, and al-AT, respectively). Open circles, inactive 
phase; filled circles, active phase. 



pared ECP and EPX in terms of their stability in feces as 
well as their extracellular release. 

It is well known that eosinophil granular proteins are 
released extracellularly when the cells are stimulated. To 
constitute a superior fecal marker of intestinal eosinophil 
activation, a protein should be released efficiently from the 
cells, as well as being stable in feces. From this point of 
view, EPX seemed to be a more suitable marker than ECP, 
because it was released from the cells more efficiently and 
was more stable in the feces. 

Fecal Hb, al-AT, and neutrophil-derived proteins are 
markers for disease activity in IBD (4, 5, 8). Fecal Hb is 
good for UC, whereas al-AT is good for CD. Lf is a useful 
marker for evaluating the presence of minimal intestinal 
inflammation of UC and CD. Hb and Lf were elevated in 
almost all of the patients with active UC, indicating that 
bleeding and mucosal neutrophil infiltration are common 
features of all patients with UC. In the present study, how- 
ever, fecal EPX and ECP were not elevated in all of the 
patients with active UC, indicating that activation of intes- 
tinal eosinophils is not a common feature of all patients with 



IBD. Fecal ECP and EPX levels reflect disease activity to 
some extent. However, fecal ECP and EPX levels may 
provide information on eosinophil activation of the intesti- 
nal mucosa, rather than on quantitative disease activity. 
Clinical features may be different between IBD patients 
who have activated intestinal eosinophils and IBD patients 
who do not. It would be interesting to note whether or not 
there are similarities in the clinical features of IBD patients 
who have activated intestinal eosinophils and patients with 
eosinophilic gastroenteritis. Furthermore, modified or op- 
tional medical treatment may be useful in the subgroup of 
IBD patients with strong activation of intestinal eosinophils. 
Drugs that inhibit the migration and activation of eosino- 
phils may be useful as maintenance therapy to prevent 
recurrence in these patients (16, 17). Medical treatment may 
be a relevant factor affecting fecal ECP and EPX levels. In 
the present study, even if the patients who received corti- 
costeroids are excluded from the subjects, fecal ECP and 
EPX levels were significantly increased in both active UC 
and active CD compared to inactive UC and inactive CD, 
respectively. 
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Figure 7. Relationship between fecal eosinophil markers and Lf in patients with UC and CD. Dotted lines, mean + 2 SD of the control 
subjects (712.0 ng/g-, 1 1 15.8 ng/g, and 16.5 /ig/g for ECP, EPX, and Lf, respectively). Open circles, inactive phase; filled circles, active 
phase. 



UC and CD are relapsing and remitting diseases. Factors 
predisposing to recurrence are poorly understood. In the 
active phase of IBD, the participation of eosinophils in the 
pathophysiology is clear (17-20). It was reported that large 
numbers of eosinophils in the rectal mucosa during the 
active disease predict a benign course. However, it had been 
unknown whether eosinophils contribute to early mucosal 
damage in patients with IBD. Recently, Dubucquoi et ai 
showed that eosinophil infiltration was detected in early 
endoscopic recurrence cases after radical resection for CD 
(21). More recently, D'Haens et ai demonstrated that con- 
tact with intestinal fluids induced focal infiltration of mono- 
nuclear cells and eosinophils in the ileum of patients with 
CD (22). Our findings showed that patients with CD who 
relapsed clinically within the following 3 months showed 
higher fecal ECP and EPX concentrations even in the inac- 
tive phase. These findings indicate that eosinophil activation 
of the intestinal mucosa may trigger a flare-up of inflam- 
mation, which leads to clinical relapse. To address the 
accurate causal relation between eosinophil activation and 
relapse, the fecal levels of eosinophil markers should be 
examined serially and chronologically in patients with IBD. 



It has been suggested that the results of immunological 
tests on extracts of feces do not represent the status of the 
gut humoral system (23). In the present study, there was 
substantial overlap of the fecal concentrations of EPX and 
ECP between the active and inactive phases. Analyses of 
whole gut lavage may be more accurate than fecal tests for 
estimating the total amount of mediators released into the 
gut lumen (14, 23), but the methods are complicated. 

In conclusion, the measurement of eosinophil granule- 
derived proteins in feces is useful for evaluating the disease 
activity and predicting relapse in patients with IBD. EPX 
may be more suitable than ECP as a fecal eosinophil marker. 
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OBJECTIVES: We investigated which neutrophil-derived pro- 
teins in whole gut lavage fluid (WGLF) most accurately 
reflect disease activity in inflammatory bowel disease. 

METHODS: WGLF was obtained from patients undergoing 
whole gut lavage as a bowel preparation for colonoscopy. 
Twenty-seven patients with ulcerative colitis (UC), 23 pa- 
tients with Crohn's disease (CD), and 35 control subjects 
were examined. The concentrations of lactoferrin, polymor- 
phonuclear neutrophil elastase (PMN-E), myeloperoxidase, 
and lysozyme in WGLF were measured by ELISA. For the 
assessment of stability, WGLF samples were stored at 37°C 
for various periods. 

RESULTS: In UC, the concentrations of lactoferrin, myelo- 
peroxidase, and lysozyme in WGLF had good correlations 
with colonoscopic grading. Zero, 12, five, and 10 of 28 
samples from active UC patients showed normal concentra- 
tions of lactoferrin, PMN-E, myeloperoxidase, and ly- 
sozyme, respectively. In CD, the concentrations of lactofer- 
rin and myeloperoxidase had good correlations with the 
Crohn's disease activity index. Thirteen and seven of 36 
samples from inactive CD patients (Crohn's disease activity 
index < 150) showed high concentrations of lactoferrin and 
myeloperoxidase, respectively. Most of them (11/13, 6/7) 
were found to have ulceration by colonoscopy or small 
bowel x-ray. The ratio of the lactoferrin concentration in the 
WGLF supernatant to that in total WGLF was highest 
among these proteins in all disease groups and control 
subjects. Lactoferrin and myeloperoxidase showed good 
stability in WGLF, whereas PMN-E and lysozyme did not. 

CONCLUSION: Lactoferrin is the most suitable of these pro- 
teins for use as a neutrophil-derived WGLF marker of 
intestinal inflammation. (Am J Gastroenterol 2002;97: 
360-369. © 2002 by Am. Coll. of Gastroenterology) 



INTRODUCTION 

It is very important to accurately evaluate intestinal mucosal 
inflammation in the management of patients with inflam- 
matory bowel disease (IBD). Colonoscopy and biopsy are 
useful to assess the inflammation of the intestinal mucosa in 
patients with IBD, but these tests create a heavy burden for 
the patient and may exacerbate the mucosal inflammation 
(1, 2). In patients with Crohn's disease (CD), clinical ac- 
tivity indices such as the Crohn's disease activity index 
(CDAI) (3), the Simple Index (4), and the Dutch Activity 
Index (5) have been used. Although these indices remain 
useful for defining clinical remission/relapse, they do not 
always reflect intestinal mucosal inflammation. 

Whole gut lavage is now widely used as a bowel prepa- 
ration for colonoscopy or colorectal surgery (6, 7). The clear 
fluid passed after colonic cleaning is essentially a gut per- 
fusate. Recently, the pathophysiologies of intestinal diseases 
have been investigated by measuring proteins in whole gut 
lavage fluid (WGLF) (8-13). It is well known that the 
measurements of fecal proteins are useful for investigating 
various pathophysiologies such as protein-losing enteropa- 
thy and mucosal inflammation. WGLF may have an advan- 
tage over feces as a sample for protein measurement for the 
following reasons: 

1. WGLF contains smaller amounts of substances that in- 
terfere with assays. 

2. Destruction of protein by digestive enzymes and bacte- 
rial proteases is less in WGLF because of its quick 
transit. 

3. It is possible to estimate the rate of protein release from 
the mucosa, because the rate of fluid passage along the 
gut can be estimated. 

Therefore, WGLF may reflect the intestinal mucosal inflam- 
mation in IBD more accurately than feces (14). Brydon and 
Ferguson (9) reported that measurement of Hb in WGLF not 
only detects intestinal bleeding, but also indicates intestinal 
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daily blood loss. Choudari et al (10) showed that the con- 
centration of IgG in WGLF correlated well with disease 
activity in patients with IBD. 

It is important to evaluate intestinal bleeding and protein 
loss in patients with IBD. However, these conditions do not 
directly reflect intestinal mucosal inflammation (15-18). 
Neutrophil infiltration of intestinal mucosa could occur in a 
patient without bleeding. To assess intestinal mucosal in- 
flammation in patients with IBD, therefore, neutrophil in- 
filtration in intestinal mucosa and neutrophil transmigration 
into the gut lumen should be noted. Recently, it was dem- 
onstrated that sustained neutrophil transmigration induces 
apoptosis in intestinal epithelial cells (19). Histological ex- 
amination of biopsy specimens is useful for the evaluation 
of neutrophil infiltration in intestinal mucosa. However, 
biopsy specimens are only parts of the gut. Furthermore, 
biopsy is not adequate for evaluating neutrophil transmigra- 
tion, with the exception of crypt abscesses. 

Neutrophil-granular proteins are released from neutro- 
phils when the cells are activated. We therefore assumed 
that measurement of neutrophil-derived proteins in WGLF 
could reflect intestinal inflammation and be clinically appli- 
cable. There has been only one report concerning polymor- 
phonuclear neutrophil elastase (PMN-E) in WGLF in pa- 
tients with IBD (12). However, the correlation between 
PMN-E concentration and disease activity was not precisely 
investigated. Neutrophil-derived proteins other than PMN-E 
have not yet been investigated in WGLF. In the present 
study, the clear WGLF remaining in the rectum was col- 
lected at the beginning of colonoscopy and the concentra- 
tions of lactoferrin, PMN-E, myeloperoxidase, and ly- 
sozyme were measured by ELISA. 

To investigate which of these four proteins most accu- 
rately reflects disease activity in IBD, we examined the 
relationship between these protein concentrations and the 
disease activity of the patient. The disease activity in UC 
was assessed according to the colonoscopic grading, and 
that in CD was assessed according to the CDAI. In patients 
with CD, we evaluated mucosal lesions via colonoscopy and 
small bowel x-ray. To investigate degranulation of neutro- 
phils in the intestine, not only a WGLF supernatant (super- 
natant after centrifugation), but also unprocessed WGLF 
(total WGLF without centrifugation) were used as samples. 
Furthermore, the stability of these proteins in WGLF was 
examined with an in vitro study. 

MATERIALS AND METHODS 

Subjects 

Twenty-seven patients with UC (age = 42.1 ± 12.3 yr 
[mean ± SD]; five with proctitis, 14 with left-sided colitis, 
eight with pancolitis) and 23 patients with CD (age = 
30.9 ±10.1 yr; five with the small intestine type, 14 with the 
small and large intestine type, four with the large intestine 
type) were evaluated. Five of 27 UC patients and nine of 23 
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CD patients were hospitalized two or more times, and each 
admission was treated as an independent clinical course. 
The disease activity of UC was assessed according to the 
colonoscopic grading described below. This grading was 
based mostly on the sigmoidoscopic scale proposed by 
Marts (20): 

• grade 1 = vascular pattern without contact bleeding 

• grade 2 = loss of vascular pattern, mild granularity of the 
mucosa, mild contact bleeding, or mild erythema 

• grade 3 = marked granularity, marked edema, marked 
erythema, mucopus, contact bleeding, or spontaneous 
bleeding 

• grade 4 = ulceration of mucosa with hemorrhage 

UC was defined as being in the active phase if the colono- 
scopic grade of the patient was 2, 3, or 4. Disease activity in 
CD was assessed according to the CDAI, in which a score 
of more than 150 was considered to represent the active 
phase. The control group consisted of 35 subjects (age = 
45.2 ± 17.3 yr) with no demonstrated abnormality in the 
upper or lower digestive tract. Informed consent was ob- 
tained from each subject in accordance with the Helsinki 
Declaration. 

Lavage Protocol 

Patients drank a PEG-based lavage fluid (Niflec, Ajinomoto 
Pharma, Tokyo, Japan) at a rate of 250 ml every 15 min. 
This lavage fluid is isotonic and nonabsorbable. The com- 
position of this fluid is the same as Golytely (Braintree 
Laboratories, Braintree, MA). Solid feces were passed, fol- 
lowed by liquid feces, and then several large volume dis- 
charges of virtually clear fluid. Clear fluid remaining in the 
rectum was obtained using an aspiration tube through the 
biopsy channel and then colonoscopy was performed. Some 
of the aliquots were centrifuged at 1000 g for 10 min at 4°C 
and the supernatants (WGLF supernatant) were stored at 
-80°C. The other aliquots were stored at -80°C, without 
centrifugation (total WGLF). 

Measurements of Lactoferrin, PMN-E, Myeloperoxidase, 
and Lysozyme in WGLF by ELISA 
Lactoferrin, PMN-E, myeloperoxidase, and lysozyme in 
WGLF were measured by ELISA as described previously 
(15, 17). Briefly, anti- human lactoferrin antibody (Dako- 
patts, Glostrup, Denmark), anti- human PMN-E antibody 
(Serotec, Oxford, United Kingdom), anti- human myeloper- 
oxidase antibody (Dakopatts), or anti- human lysozyme an- 
tibody (Dakopatts) was placed into the wells of a 96- well 
microplate. The samples, diluted 10- to 1000-fold with 0.1 
mol/L of Tris-HCl buffer (pH = 7.5) containing 0.1% 
bovine serum albumin and 0.2% sodium azide, were added 
to each well. After reaction at 37°C for 70 min, the wells 
were washed with water. The samples were then reacted 
with the respective ALP-labeled antibodies. After reaction 
at 37°C for 90 min the wells were washed with water. An 
enzyme reaction test was then performed, and color devel- 
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Figure 1. Stability of lactoferrin (O, Lf), PMN-E (♦), myeloper- 
oxidase (■, MPO), and lysozyme (•, Lys) in WGLF at 37°C. Data 
are means ± SEMs (n = 6), 



opment was measured with a microplate colorimeter at 
510/630 nm. Coefficients of variation in intra- and interday 
assays for these four proteins were less than 10% and 15%, 
respectively. 

Stability of Lactoferrin, PMN-E, Myeloperoxidase, and 
Lysozyme in WGLF 

To examine the stability of these proteins in WGLF, WGLF 
samples from active UC patients (n = 3) and active CD 
patients (n = 3) were stored at 37°C for 0, 2, 4, 6, 8, 12, and 
24 h before freezing and subsequent analysis. 

Statistical Analysis 

Values are expressed as means ± SEMs. The Student's / test 
was used for statistical analyses. Linear regression analysis 
was used for correlation analysis. All ps were two tailed; p 
values less than 0.05 were considered significant. Receiver 
operating characteristic (ROC) analysis was also used for 
the comparison of diagnostic efficiency with neutrophil- 
derived proteins in WGLF. The ROC curve is essentially a 
graph of the conditional probability of true positive re- 
sponses by an observer in a detection experiment, versus the 
conditional probability of false positive response. Typically, 
the area under the ROC curve tends to be approximately 0.5 
for an inappropriate technique and 1.0 for a perfect tech- 
nique (21). 



RESULTS 

Stability of Lactoferrin, PMN-E, Myeloperoxidase, and 
Lysozyme in WGLF 

The concentration of each neutrophil-derived protein in 
WGLF was expressed as a percentage of the original con- 
centration at 0 h. The data are shown in Figure L Lactoferrin 
and myeloperoxidase had good stability in WGLF (more 
than 80% after 12 h), whereas PMN-E and lysozyme did not 
have good stability (PMN-E, less than 40% after 4 h; ly- 
sozyme, less than 10% after 2 h). 

Concentrations of Neutrophil-Derived Proteins 
(Lactoferrin, PMN-E, Myeloperoxidase, and Lysozyme) 
in WGLF Supernatants 

The WGLF supernatant contains neutrophil-derived pro- 
teins released from neutrophils. On the other hand, the pellet 
contains cells such as intestinal epithelial cells and neutro- 
phils. Total WGLF is composed of a supernatant and pellet. 
The concentrations of lactoferrin, PMN-E, myeloperoxi- 
dase, and lysozyme in the WGLF supernatant are shown in 
Table 1 and Figure 2. In both UC and CD, the concentra- 
tions of these four neutrophil-derived proteins in the WGLF 
supernatant were significantly increased in the active phase 
relative to the inactive phase and control subjects. 

Concentrations of Neutrophil-Derived Proteins 
(Lactoferrin, PMN-E, Myeloperoxidase, and Lysozyme) 
in Total WGLF 

The concentrations of lactoferrin, PMN-E, myeloperoxi- 
dase, and lysozyme in total WGLF are shown in Table 2 and 
Figure 3. In both UC and CD, the concentrations of these 
four neutrophil-derived proteins in total WGLF were sig- 
nificantly increased in the active phase relative to the inac- 
tive phase and control subjects. 

Relationship Between Protein Concentrations in WGLF 
and Colonoscopic Grading in UC 

As shown in Figure 4, all four neutrophil-derived proteins in 
the WGLF supernatant had good correlations with colono- 
scopic grading. The correlation coefficients between colono- 
scopic grading and lactoferrin, PMN-E, myeloperoxidase, 
and lysozyme in WGLF supernatant were 0.884, 0.561, 
0.883, and 0.76, respectively. In active UC (grade > 2), 
lactoferrin, PMN-E, myeloperoxidase, and lysozyme were 



Table 1. Concentrations- of Lactoferrin (Lf), PMN-E, Myeloperoxidase (MPO), and Lysozyme (Lys) in the WGLF Supernatant 
(Supernatant After Centrifugation) in UC and CD 





Control 


UC-A 


UC-I 


CD-A 


CD-I 




(n = 35) 


(n = 28) 


(n = 27) 


(n = 23) 


(n = 36) 


LfOxg/ml) 


0.54 ± 0.09 


16.92 ±4.34 


0.86 ± 0.12 


17.50 ±4.79 


1.72 ± 0.33 


PMN-E (/ig/ml) 


0.08 ± 0.02 


0.50 ±0.14 


0.11 ± 0.02 


0.45 ± 0.09 


0.14 ± 0.02 


MPO (Mg/ml) 


0.13 ± 0.02 


1.93 ±0.56 


0.15 ± 0.02 


2.73 ± 0.78 


0.29 ± 0.07 


Lys (Mg/ml) 


0.13 ± 0.03 


2.45 ± 0.89 


0.12 ± 0.03 


0.79 ±0.17 


0.19 ± 0.05 



UC was defined as being in the active phase (UC-A) if the colonoscopic grade of the patient was a2. CD was defined as being in the active phase (CD-A) if the CDAI score 
of the patient was >I50. Values are expressed as means ± SEMs. CD-I = CD (inactive phase); UC-I = UC (inactive phase). 
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Figure 2. Concentrations of lactoferrin (Lf), PMN-E, myeloperoxidase (MPO), and lysozyme (Lys) in the WGLF supernatant (supernatant 
after centrifugation) in UC and CD. The concentrations were expressed on a logarithmic scale. UC was defined as being in the active phase 
(UC-A) if the colonoscopic grade of the patient was >2. CD was defined as being in the active phase (CD-A) if the CDAI score of the 
patient was >150. CD-I = CD (inactive phase); cont = control; NS = nonsignificant; UC-I = UC (inactive phase). *p < 0.05, Student's 
t test. **p < 0.01, Student's t test. 



not high in zero (0%), 12 (42.9%), five (17.9%), and 10 
(35.7%) of the 28 samples, respectively. In inactive UC 
(grade 1), lactoferrin, PMN-E, myeloperoxidase, and ly- 
sozyme were high in three (11.1%), one (3.7%), one (3.7%), 
and three (11.1%) of the 27 samples, respectively. All active 
UC patients (grade > 2) showed high concentrations of 
lactoferrin, indicating that lactoferrin in WGLF did not 
overlook minimal inflammation remaining in the colonic 
mucosa. The relationship between concentrations in total 
WGLF and colonoscopic grading was similar to that be- 
tween concentrations in the WGLF supernatant and colono- 



scopic grading. The correlation coefficiencies between 
colonoscopic grading and lactoferrin, PMN-E, myeloperox- 
idase, and lysozyme in total WGLF were 0.887, 0.541, 
0.843, and 0.654, respectively. 

Relationship Between Protein Concentrations in WGLF 
and the CDAI in CD 

As shown in Figure 5, lactoferrin and myeloperoxidase 
concentrations in the WGLF supernatant showed good cor- 
relations with the CDAI. The correlation coefficients be- 
tween the CDAI and lactoferrin, PMN-E, myeloperoxidase, 



Table 2. Concentrations of Lactoferrin (Lf), PMN-E, Myeloperoxidase (MPC), and Lysozyme (Lys) in the Total WGLF (Without 
Centrifugation) in UC and CD 





Control 
(n = 35) 


UC-A 
(n = 28) 


UC-I 
(n = 27) 


CD-A 
(n = 23) 


CD-I 
(n = 36) 


Lf (/ig/ml) 
PMN-E (ptg/ml) 
MPO (Mg/ml) 
Lys (jig/ml) 


0.89 ±0.18 
0.18 ± 0.04 
0.26 ± 0.05 
0.34 ±0.10 


37.14 ± 11.76 

1.31 ± 0.28 

9.32 ± 3.00 
9.24 ± 3.33 


1.31 ± 0.19 
0.37 ± 0.06 
0.44 ± 0.08 
1.17 ± 0.35 


28.59 ± 7.64 
0.89 ±0.15 
9.02 ±2.11 
4.24 ± 1.05 


3.61 ± 0.85 
0.40 ± 0.05 
1.09 ± 0.23 
0.82 ± 0.20 



UC was defined as being in the active phase (UC-A) if the colonoscopic grade of the patient was £2. CD was defined as being in the active phase (CD-A) if the CDAI score 
of the patient was >150. Values are expressed as means ± SEMs. CD-I = CD (inactive phase); UC-I = UC (inactive phase). 
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Figure 3. Concentrations of lactoferrin (Lf), PMN-E, myeloperoxidase (MPO), and lysozyme (Lys) in total WGLF (without centrifugation) 
in UC and CD. The concentrations were expressed on a logarithmic scale. UC was defined as being in the active phase (UC-A) if the 
colonoscopic grade of the patient was >2. CD was defined as being in the active phase (CD-A) if the CDAI score of the patient was > 1 50. 
CD-I, Crohn's disease (inactive phase); cont = control; NS = nonsignificant; UC-1 = ulcerative colitis (inactive phase). *p < 0.05, 
Student's / test. **p < 0.01, Student's t test. 



and lysozyme in the WGLF supernatant were 0.856, 0.438, 
0.844, and 0.573, respectively. In active CD (CDAI > 150), 
lactoferrin, PMN-E, myeloperoxidase, and lysozyme were 
not high in one (4.3%), 12 (52.2%), one (4.3%), and nine 
(39.1%) of the 23 samples, respectively. In inactive CD 
(CDAI < 150), lactoferrin, PMN-E, myeloperoxidase, and 
lysozyme were high in 13 (36.1%), zero (0%), seven 
(19.4%), and two (5.6%) of the 36 samples, respectively. 
The relationship between concentrations in total WGLF and 
CDAI was similar to that between concentrations in the 
WGLF supernatant and CDAI. The correlation coefficien- 
cies between CDAI and lactoferrin, PMN-E, myeloperoxi- 
dase, and lysozyme in the total WGLF were 0.805, 0.408, 
0.779, and 0.622, respectively. 

Supernatant/Total WGLF Ratio (S/T Ratio) of 
Neutrophil-Derived Proteins (Lactoferrin, PMN-E, 
Myeloperoxidase, and Lysozyme) in UC and CD 
The values are shown in Figure 6. The S/T ratio is the ratio 
of the concentration in the WGLF supernatant (supernatant 
after centrifijgation) and that in the total WGLF (without 



centrifugation). The S/T ratio represents the proportion of 
neutrophil-derived protein released from neutrophils. The 
S/T ratio of lactoferrin was the highest of these four proteins 
in all disease groups and control subjects. Interestingly, in 
active UC patients, in whom neutrophils are believed to 
strongly participate in the disease pathophysiology, the S/T 
ratio was lower than that in inactive UC or control subjects. 

Conventional Laboratory Indices of Disease Activity and 
the Concentrations of Neutrophil-Derived Proteins 
(Lactoferrin, PMN-E, Myeloperoxidase, and Lysozyme) 
in WGLF 

The positivity rates are shown in Table 3. The white blood 
cell (WBC) count, platelet count, and serum C-reactive 
protein (CRP) level were not sensitive markers to discrim- 
inate between active and inactive phases in either UC or CD. 
In UC, the correlation coefficients between colonoscopic 
grading and WBC count, platelet count, and serum CRP 
level were 0.307, 0.324, and 0.493, respectively. In CD, the 
correlation coefficients between the CDAI and WBC count, 
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Figure 4. Concentrations of neutrophil-derived proteins (lactoferrin [LfJ, PMN-E, myeloperoxidase [MPO], and lysozyme [Lys]) in WGLF 
supernatants and the colonoscopic grading in UC. The concentrations were expressed on a logarithmic scale. The colonoscopic degree of 
inflammation was graded according to the criteria described in Materials and Methods. Dotted lines indicate the means + 2 SDs of the 
control subjects (1.58, 0.34, 0.41, and 0.45 fig/ml for lactoferrin, PMN-E, myeloperoxidase, and lysozyme, respectively). 



platelet count, and serum CRP level were 0.419, 0.184, and 
0.663, respectively. 

The positivity rate of lactoferrin was the highest of these 
four proteins in WGLF supernatant in both active UC and 
active CD. In active UC, the positive predictive value and 
the negative predictive value of lactoferrin in WGLF super- 
natant were 90.3% and 100%, respectively. In active CD, 
the positive predictive value and the negative predictive 
value of lactoferrin in WGLF supernatant were 88.0% and 
97.0%, respectively. ROC analysis was also performed us- 
ing protein concentration in WGLF supernatant of active 
IBD patients and control subjects. The areas under ROC 
curves of lactoferrin, PMN-E, myeloperoxidase, and ly- 
sozyme in active UC were 0.990 ± 0.008 (area under ROC 
curve ± SEM), 0.876 ± 0.043, 0.966 ± 0.018, and 0.898 ± 
0.045, respectively. Respective values in active CD were 
0.993 ± 0.007, 0.899 ± 0.039, 0.992 ± 0.008, and 0.888 ± 
0.047. 

DISCUSSION 

The methylene blue method has been used for counting fecal 
leukocytes (22). However, this method requires fresh stool 
samples and the immediate availability of a person skilled in 



the use of the technique. Leukocyte scintigraphy using la- 
beled granulocytes is another method for assessing fecal 
leukocytes (23, 24), but it is expensive and cannot be per- 
formed serially in individual patients because of exposure 
problems. Therefore, these methods cannot be widely used 
clinically. We previously reported that fecal neutrophil- 
derived proteins were useful markers for disease activity in 
IBD (15, 17). Handy et al (25) reported that the neutrophil 
count in WGLF is useful for evaluating neutrophil infiltra- 
tion in the intestinal mucosa in patients with IBD. They also 
found that measurement of PMN-E in WGLF is useful for 
evaluating neutrophil infiltration in the mucosa (12). Neu- 
trophil-derived proteins other than PMN-E, however, have 
not yet been studied. Also, the release of these proteins from 
neutrophils in WGLF and their stability in WGLF have not 
been investigated. For the neutrophil-derived proteins in 
WGLF to sensitively reflect intestinal inflammation, it is 
preferable that they should be released efficiently from 
neutrophils and be stable in the lavage fluid. 

In the present study, we focused on lactoferrin, PMN-E, 
myeloperoxidase, and lysozyme in WGLF. Lactoferrin is 
found in specific neutrophil granules, PMN-E and myelo- 
peroxidase are found in the azurophilic granules, and ly- 
sozyme is found in both types of granules (26, 27). These 
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Figure 5. Concentrations of neutrophil-derived proteins (lactoferrin [Lf], PMN-E, myeloperoxidase [MPO], and lysozyme [Lys]) in WGLF 
supernatants and the CDAI score in CD. The concentrations were expressed on a logarithmic scale. Dotted lines show the means 4- 2 SDs 
of the control subjects (1.58, 0.34, 0.41, and 0.45 jig/ml for lactoferrin, PMN-E, myeloperoxidase, and lysozyme, respectively). 



neutrophil-granular proteins have been proposed as target 
antigens of antineutrophil cytoplasmic antibodies (28, 29). 
Lactoferrin, an iron-binding protein with a molecular weight 
of approximately 80,000, is found in various secretions, 
such as breast milk, tears, and saliva, as well as in specific 
neutrophil granules. Lactoferrin is present in the intestinal 
mucus and has an antibacterial effect (30, 31). PMN-E is 
present in plasma as an elastase/a, -antitrypsin complex. 
Recently, we demonstrated that most PMN-E was not a 
complex with a, -antitrypsin in feces (15). Myeloperoxidase 
activity in the mucosa has been used as an index of neutro- 
phil infiltration in experimental colitis models (32). Ly- 
sozyme is contained not only in neutrophils, but also in 
macrophages, Brunner's glands, and Paneth cells. These 
neutrophil-granular proteins are released extracellularly 
when the cell is activated. 

In patients with UC, the lactoferrin concentration in 
WGLF had the best correlation with the colonoscopic grad- 
ing. The lactoferrin concentration was high in all active UC 
patients (grade S 2). In contrast, PMN-E and lysozyme 
concentrations were not high in a considerable number of 
active UC patients (grade ^ 2). These findings seem to be 
partly attributable to the different stabilities of these proteins 
in WGLF. Our results indicated that lactoferrin is the most 



suitable marker of the four for evaluating mucosal inflam- 
mation in UC. In patients with CD, lactoferrin and myelo- 
peroxidase concentrations in WGLF correlated well with the 
CDAI. Lactoferrin and myeloperoxidase were high in 22 of 
23 active CD patients (CDAI > 150). However, these two 
proteins were high in 13 (36.1%) and seven (19.4%), re- 
spectively, of the 36 inactive CD patients (CDAI ^ 150). In 
1 1 of 13 (84.6%) and six of seven (85.7%) of these patients, 
ulceration was found by colonoscopy or small bowel x-ray. 
These findings suggest that lactoferrin and myeloperoxidase 
in WGLF are excellent markers for evaluating the disease 
activity of CD. Lactoferrin has a further advantage as a 
marker because a larger amount of lactoferrin is contained in 
WGLF than of the other three proteins. In daily medical 
practice, a high WBC count, an increased platelet count, and 
an elevated serum CRP level are generally considered to 
indicate that the IBD is in an active stage. As shown in Table 
3, however, these parameters are not sensitive for distin- 
guishing between active and inactive disease. It is com- 
monly observed that mucosal inflammation persists even 
after the symptoms disappear and conventional laboratory 
indices return to normal. Even if colonoscopy is not per- 
formed, inflammation of the intestinal mucosa can be eval- 
uated by obtaining WGLF and measuring the lactoferrin 
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Figure 6. Supematant/total WGLF ratio of neutrophil-derived pro- 
teins (lactoferrin [Lf], PMN-E, myeloperoxidase [MPO], and ly- 
sozyme [Lys]) in UC and CD. The supernatant/total WGLF ratio 
of each sample indicates the ratio of the concentration in the 
WGLF supernatant (supernatant after centrifugation) and that in 
total WGLF (without centrifugation). UC was defined as being in 
the active phase (UC-A) if the colonoscopic grade of the patient 
was >2. CD was defined as being in the active phase (CD-A) if the 
CDAI score of the patient was >150. Values are expressed as 
means ± SEMs. CD-I, Crohn's disease (inactive phase); cont = 
control; UC-I, ulcerative colitis (inactive phase). 



concentration. However, it should be kept in mind that a 
whole gut lavage might exacerbate the disease in patients 
with severe inflammation. 

Lesions of the small intestine are difficult to detect com- 
pared to colonic lesions because of the limited availability of 
endoscopy. We assumed that lactoferrin in WGLF is useful 



for detecting lesions in the small intestine. In the present 
study, lactoferrin concentrations were high in 10 of 12 CD 
patients (83.3%) who had active disease in the small intes- 
tine but not in the large intestine. This finding suggests that 
the small intestine can be evaluated by WGLF. When 
colonoscopy fails to detect any lesions, a WGLF sample 
may be useful to evaluate the small intestine. A high con- 
centration suggests involvement of the small intestine or the 
more proximal digestive tract. Lavage fluid obtained from 
the terminal ileum would presumably allow more accurate 
evaluation of the small intestine than lavage fluid from the 
rectum. 

We previously reported on fecal concentrations and daily 
fecal excretion of neutrophil-derived proteins. The fecal 
concentrations of all of the neutrophil-derived proteins were 
significantly higher in patients with active disease than in 
the inactive phase or in control subjects. Of the fecal mark- 
ers, lactoferrin was the most useful for UC, and lactoferrin 
and myeloperoxidase were best for CD. However, colonos- 
copy was not performed in all patients in our previous study. 
In the present study, colonoscopy was performed in all 
patients. Fecal lactoferrin excretions (mg/day) were 0,21 ± 
0.05, 50.2 ± 5.5, and 34.3 ± 6.7 in control, active UC, and 
active CD subjects, respectively (17). Loss of protein into 
the gut lumen, which may approximate to fecal excretion, 
can be estimated by the concentration in WGLF (9). The 
rate of fluid passage along the gut during lavage is approx- 
imately 1 L/h (0.017 L/min), so the estimated daily loss 
(mg/day) of a certain substance can be obtained by the 
following equation: 24 (L) X the concentration in WGLF 
(mg/L). The present study showed that the estimated daily 
lactoferrin losses (mg/day) into the gut lumen were 21.6 ± 
4.8, 890.4 ± 283.2, and 686.4 ± 182.4 in control, active 
UC, and active CD subjects, respectively. The daily lacto- 
ferrin output estimated from WGLF was much larger than 
that from feces. Neutrophils and lactoferrin in the gut lumen 
are recovered immediately by lavage fluid. Otherwise, neu- 
trophils and lactoferrin remain for a while when protein is 
degenerated by digestive enzymes and bacterial proteases. 
The number of neutrophils that migrate into the gut lumen 
is very likely much larger than first thought. 

In the present study, neutrophil transmigration and de- 



Table 3. Positivity Rates of Conventional Laboratory Indices of Disease Activity and the Concentrations of Neutrophil-Derived 
Proteins (Lactoferrin [Lf], PMN-E, Myeloperoxidase [MPO], and Lysozyme [Lys]) in WGLF 



UC CD 







Active 


Inactive 


Active 


Inactive 


WBC 

Platelet count 
CRP 

Lf in WGLF* 
PMN-E in WGLF* 
MPO in WGLF* 
Lys in WGLF* 


>8,190/Ail 
>329,000//xl 
>0.25 mg/dl 
>1.58 /xg/ml 
>0.34 /Ag/ml 
>0.41 ^g/ml 
>0.45 ji,g/ml 


5/26(19.2%) 
5/26(19.2%) 
1 1/26 (42.3%) 
28/28(100%) 
16/28 (57.1%) 
23/28 (82.1%) 
18/28(64.3%) 


0/27 (0.0%) 
0/27 (0.0%) 
1/27 (3.7%) 
3/27(11.1%) 
1/27 (3.7%) 
1/27 (3.7%) 
3/27(11.1%) 


8/23 (34.8%) 
10/23 (43.5%) 
20/23 (87.9%) 
22/23 (95.7%) 
1 1/23 (47.8%) 
22/23 (95.7%) 
14/23 (60.9%) 


3/26(11.5%) 
3/26(11.5%) 
3/26(11.5%) 
13/36(36.1%) 
0/36 (0.0%) 
7/36(19.4%) 
2/36 (5.6%) 



* Concentration in WGLF supernatant (supernatant after centrifugation). 
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granulation were studied by comparing the neutrophil-de- 
rived protein concentration in a supernatant with that in total 
WGLF. Presumably, the supernatant contains proteins that 
are released by neutrophils in the intestinal mucosa as well 
as in the gut lumen. As shown in Figure 6, lactoferrin was 
the most efficiently released from neutrophils among the 
neutrophil-derived proteins we examined. Our results also 
indicate that not all neutrophils undergo degranulation after 
migrating into the gut lumen, resulting in a considerable 
number of neutrophils being excreted in feces without de- 
granulation. In active UC patients, the S/T ratio of these 
proteins was not higher than those in other disease groups. 
However, considering that the total amount of these proteins 
released into the gut lumen was much larger in active UC 
patients, our findings suggest that neutrophils or neutrophil- 
granular proteins play an important role in the pathophysi- 
ology of the disease. 

PEG has been used as a nonabsorbable marker in intes- 
tinal perfusion studies. Patients with more extensive inflam- 
mation might be in a secretory state and would dilute protein 
concentrations. Therefore, it would be useful to normalize 
the protein concentration against effluent PEG concentra- 
tion: by normalization against effluent PEG concentration, 
the difference in protein concentration in WGLF between 
active and inactive phases might become more distinct. 
Although protein concentrations in WGLF were not nor- 
malized in the present study, the concentrations of neutro- 
phil-derived proteins in WGLF were significantly higher in 
the active phase than in the inactive phase and control 
subjects. 

In conclusion, the assay of neutrophil-derived proteins in 
WGLF is an objective means of grading mucosal disease 
activity in patients with IBD. This method may be useful not 
only in a research setting, but also in a clinical setting. 
Lactoferrin is the most suitable of these proteins for use as 
a neutrophil-derived WGLF marker of intestinal inflamma- 
tion. 
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Serologic testing for inflammatory bowel disease 

Edward J. Hoffenberg, MD, Sara Fidanza, MS, RN, CPNP, CNSN, and Angela Sauaia, MD, PhD 



Objectives: To determine the accuracy of an ti- neutrophil cytoplasmic anti- 
bodies (ANCAs) and &n\\-Saccharoinycw cercvuiac antibodies (ASCA) in dis- 
tinguishing patients with inflammatory bowel disease from patients with 
other disorders, seen in a pediatric gastroenterology clinic setting, and in 
distinguishing ulcerative colitis (UC) from Crohn's disease (CD). 
Study design: Serum samples from 120 children with new or established 
diagnoses of UC (n = 25) or CD (n = 20) and control children (n = 74) were 
analyzed in blinded fashion for the presence of IgG ANCAs and IgA and 
IgG ASCA. 

Results: The highest sensitivity for detecting inflammatory bowel disease, 
71%, was achieved by using ANCAs and ASCA together. The best test for 
UC was ANCAs, which had a sensitivity of 80%. However, the ANCA pat- 
tern characteristic of UC, perinuclear ANCAs eliminated by DNAse, had a 
sensitivity of 60%. High-titer ANCAs were specific for UC, whereas ASCA 
were specific for CD. 

Conclusions: Testing for ANCAs and ASCA together did not achieve sensi- 
tivity necessary for population screening. However, ANCAs and ASCA may 
be helpful in evaluating children suspected of having inflammatory bowel 
disease and in distinguishing UC from CD. (J Pediatr 1999,134:447-52) 



Inflammatory bowel disease is charac- 
terized by chronic gastrointestinal 
tract inflammation of unknown etiolo- 
gy. Immunologic, environmental, in- 
fectious, and genetic factors have been 
postulated to increase the risk for de- 
veloping IBD. 1 



Signs and symptoms of IBD are 
often nonspecific, and it is often a clin- 
ical challenge to distinguish IBD from 
other disorders of childhood and ado- 
lescence such as chronic diarrhea, re- 
current abdominal pain, acute infec- 
tious colitis, anorexia, and short 



stature. In addition, the onset of IBD 
may be preceded by extra-intestinal 
manifestations, such as hepatitis (scle- 
rosing cholangitis, autoimmune hepati- 
tis) or arthritis 2 without diarrhea or 
rectal bleeding. 3 Currently, the diagno- 
sis of IBD requires a combination of 
typical clinical signs and symptoms, 
exclusion of other disorders, plus radi- 
ographic, endoscopic, and histologic 
features consistent with IBD/ Despite 
careful clinical evaluation, 10% to 15% 
of children with colitis have an indeter- 
minate form, 5,6 and 2% to 4% of pa- 
tients undergoing colectomy with 
ileoanal anastomosis for treatment of 
ulcerative colitis are ultimately deter- 
mined to have Crohn's disease. 7,8 
Therefore readily available, noninva- 
sive tests are needed to make a timely 
and accurate diagnosis of UC or CD. 

ANCAs An ti-neutrophi I cytoplasmic ' 
. A antibodies - 

ASCAs Anti-Soccnaromyces cerwisiae 
antibodies 
•. CD .'Crohn's disease 
. EUSA Enzyme-linked immunosorbent 
• " ' . 'assay-- > - : " • 

EU - EUSA units' v 

IBD inflammatory bowel disease 

pANCAs Perinuclear AN CAs 
... UC Ulcerative colitis. 

Recently, serologic tests for IBD 
have become commercially available. 
Anti-neutrophil cytoplasmic antibod- 
ies are detected in up to 60% to 70% of 
adults and children with UC. 9 " 11 Up to 
60% to 70% of adults with CD have 
circulating anti- Saccbaromyccj ccrcv'uiac 
antibodies. 12 The significance of these 
antibodies remains unclear. Titers of 
pANCAs do not change with disease 
activity but may predict treatment-re- 
sistant colitis and pouchitis. 13,14 The 



From the Center for Pediatric Inflammatory Bowel Diseases, Sect urn of Pediatric Gastroenterology, Hepatology, and 
Nutrition, Department* of Pediatrics, and Preventive Medicine and Biometrics, University of Colorado School of 
Medicine, and The Children's Hospital, Denver, Colorado. 

Supported by The Children's Hospital Research Institute, and by Prometheus, Inc, San Diego, 
California. 

Presented in part at the poster session of the North American Society for Pediatric Gastroenterology 
and Nutrition annual meeting in Toronto, Ontario, Canada, October, 31, 1997, and published in ab- 
stract Form in J Pediatr Gastroenterol Nutr 1997;25:450. 

Submitted for publication June 16, 1998; revisions received Oct 5, 1998, Oct 29, 1998, and Dec 
18, 1998; accepted Dec 22. 1998. 
Reprints not available from author. 
Copyright © 1999 by Mosby, Inc. 
0022-3476/99/$8.00 ♦ 0 9/21/96768 



447 



HOFFENBERG, FlDANZA, AND SAUAIA 



The Journal of Pediatrics 
April 1 999 



Table I. Demographic data in children with UC, CD, and non-IBD disorders (control 
group) seen in an outpatient setting 

UC group CD group . ^Control group* ;^ 

: -Maie(%); v /.J. ^: : :36 ; . 7°. J.- >.4f ^ ; ;.oj ;: , 

i ,Caucasija«; ; (%) ; ^ <-/'-\79'[\. . /■ ~\ .£ .-.^83 -r/v" ^35*'i& r .« 

f Mean age (yf^f ^13.6 ^'V* 15.3* 10.7 . „ :^ .OOOl^ - 

';.■-..'> SDV.r;.-'7' v;c.2.?\ '2&s;u^i t .y -\ "44: Vr; ; ^'--y':^\- 

Mediian . V J ' 43.0 , £f> 15.5 ' — 'iLO ^ ■ ^i^'^i 

.Ran^e: , .; ; 8-20 ^ ! ( s .%^l-20^ c ;0.2 : 25; : ' .Jv'^;t • - <; 

°Student-Newman-Keuls post-analysis of variance test: control versus UC, P < .05; control versus 



presence of perinuclear ANCAs is evi- 
dence for a class II major histocompat- 
ibility complex-driven T-cell activa- 
tion and thus a possible genetic 
predisposition to develop UC. 15 IgA 
and IgG ASCAs have been associated 
with small bowel involvement. 16 

The purpose of this study was to eval- 
uate the accuracy of ANCAs and 
ASCAs in identifying IBD and to dif- 
ferentiate UC from CD in children seen 
in a pediatric gastroenterology clinic. 

Methods 

Study Population and Serum 
Sampler 

All children were evaluated in an 
academic pediatric gastroenterology 
clinic in Denver, Colorado, between 
July 1992 and May 1997. Children 
were recruited if they were having 
blood drawn for other reasons or were 
having an intravenous line placed for 
an endoscopic procedure. Children 
were evaluated at times variable from 
the time of clinical diagnosis of IBD or 
other disease. Some children were un- 
dergoing initial evaluation, and others 
with established IBD or other diag- 
noses had ongoing treatment or follow- 
up. Control children were included if 
their symptoms or diagnosis might be 
related to IBD (eg, abdominal pain, 
failure to thrive, or chronic diarrhea). 
Children with liver disease were in- 
cluded because of the association of 
sclerosing cholangitis and autoimmune 



hepatitis with IBD and because of a 
possible association of ANCAs with 
pediatric liver disease, specifically bil- 
iary atresia. 17 Signed informed consent 
was obtained at the time of a blood 
draw. Serum samples were stored at 
-70°C until sent for analysis to 
Prometheus Laboratories (San Diego, 
Calif)- Analysis was performed with- 
out knowledge of the clinical history or 
diagnosis of the patient. Clinical data 
were obtained from the medical 
records. Diagnosis of UC or CD was 
made by published clinical, radi- 
ographic, endoscopic, and histologic 
criteria. 4,5 In all patients with IBD, the 
clinical features over time allowed for 
the diagnosis of UC or CD; no patient 
was classified as having indeterminate 
colitis. UC was characterized by chron- 
ic inflammation of the colonic mucosa, 
in a continuous distribution, extending 
a variable distance from the rectum. 
CD was characterized by chronic in- 
flammation in any location throughout 
the gastrointestinal tract in the absence 
of another cause, frequently with seg- 
mental involvement and normal inter- 
vening areas (skip areas). Pathogno- 
monic features of CD included jejunal 
or ileal involvement, skip areas, serpig- 
inous ulcers, and the presence of gran- 
ulomas. 1,4,5 Gastroduodenitis was not 
specific for UC or CD. 18 

This study was approved by the Col- 
orado Multiple Institutional Review 
Board and The Children's Hospital, 
Denver. 



ANCA* 

The Prometheus UC Diagnostic sys- 
tem, UC # Dxl, is a 3-step process that 
detects and quantitates ANCAs in 
serum as reported by Winter et al 9 and 
by Ruemmele et al. 19 First, ANCA IgG 
antibody levels are quantitated in a mi- 
croplate enzyme-linked immunosor- 
bent assay relative to reference sera. 
Second, positive specimens are evalu- 
ated by an indirect immunofluores- 
cence assay, which detects a perinu- 
clear pattern, pANCAs. Specimens 
with perinuclear patterns undergo a 
third step, DNAse treatment. Elimina- 
tion of pANCAs by DNAse is noted in 
60% to 80% of patients with UC, 
whereas pANCA retention is rare, 
noted in 3% of patients with UC. 
ANCAs were considered positive if 
above 8.9 to 13.8 ELISA units per mil- 
liliter (EU/mL), reflecting run-to-run 
differences with normal non-UC refer- 
ence sera from healthy volunteers. 

ASCAs 

In the Prometheus CD»Dxl assay, 
circulating anti-oligosaccharide IgA 
and IgG ASCAs were detected by using 
microtiter plates coated with phospho- 
peptidomannans from Saccbaromyccj 
uvarum, a yeast, as reported by Ruem- 
mele et al. 19 Bound antibodies from 
samples diluted 1:100 were labeled with 
alkaline phosphatase-conjugated goat 
anti-human IgG. Specific absorbance 
was measured at 405 nm after addition 
of/7-nitrophenol. ELISA units were as- 
signed relative to a Prometheus Labo- 
ratory standard, arbitrarily designated 
as 100 EU/mL. ASCAs were consid- 
ered positive if above 20 EU/mL for 
IgA and above 40 EU/mL for IgG. 

Statistical Analysis 

Categorical variables were analyzed 
by using a £ 2 test. Continuous variables 
were analyzed by using analysis of vari- 
ance with the appropriate adjustment if 
the assumption of equal variances was 
not met. Post-analysis of variance com- 
parisons were performed by using the 
Student-Newman-Keuls test. 
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Figure. A, Quantitation of IgG ANCAs with an ELISA for evaluation of children with UC (n = 25), CD (n = 20). and non-IBD disorders (control, 
n = 74) and 6 healthy siblings of children with IBD. Although ANCAs were commonly detected in children with UC and CD, only patients with UC 
had ANCA titers > 1 : 1 00. B and C, Quantitation of IgA and IgG ASCAs with an ELISA for evaluation of children with UC (n = 25). CD (n = 20), and 
non-IBD disorders (control, n = 74) and 6 healthy siblings of children with IBD. Most children with positive ASCA titers had CD and had both IgA and 
IgG antibodies. 



Table II. ANCA and ASCA patterns in children with UC, CD, and non-IBD disorders 



(control), seen in an outpatient setting, and in healthy siblings of patients with IBD 

■: ' * \ ; ' . • .• * < ' ,;; i- - 'Control 

UC group CD group Siblings group 
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Sensitivity, specificity, and predictive 
values were calculated to evaluate the 
capability of the antibody titers to pre- 
dict IBD. The diagnostic tests were 
evaluated first as dichotomous vari- 
ables in which the recommended cut- 
off for adults was used to define the 
test result as positive or negative. Sec- 
ond, the predictive value of the anti- 
body titers as continuous and as cate- 
gorical variables was further evaluated 
by using logistic regression models. 
The goodness of fit of the logistic re- 
gression models was compared by the 
Akaike s information criterion, which 
is a variation of the -2 log likelihood 
method. 20 

Results 

A total of 120 children were evaluat- 
ed, including 26 with UC, 20 with CD, 
and 74 non-IBD control children 
(Table I). The groups were compara- 
ble in terms of gender and ethnic dis- 
tribution. However, the children with 
IBD were older than the control chil- 
dren, consistent with the peak age of 



onset of IBD. The 74 children in the 
control group included 33 with inflanv 
mation of the upper gastrointestinal 
tract: Helicobacter pylori gastritis (n =4); 
celiac disease (n = 3); and inflamma- 



tion of the upper gastrointestinal tract 
from gastroesophageal reflux, allergic 
enteropathy, and nonspecific gastro- 
duodenitis (n = 26). The remaining 41 
control children had the following di- 
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Table III. Predictive power of ANCAs and ASCAs to distinguish children with IBD 
(n = 45) from those with non-1 BD disorders (n = 74) 

v'.v:'r-> ' ' N-iV- * A'.*' tANCAs / ^ ^SCAs% 

:Sensitiviity (%): • >;%• - >v '/ -'M9 T^V". |. > . 33' . V^V?*-^' : 

;-Spe|fi^ , ;- : sr^ g/-; ^;>95 . - ■■^■^f 

• .p^i^^^c^^valiie (%)^ * ; i ;76; X^v^A 4-7* ^\^V ; :73;, 

Nagative predictiye value X%) 75 \ :: 71 83 

For/identi^ing children : with IBD, the highest sensitivity and specificity were obtained with ' > * k 
;* ..; ANCA and ASCA testing combined. ^ \ [l <• V" 5 "^-' -\ ^ ; - V " A* 

Table IV Predictive power of pANCAs and ASCAs to discriminate UC (n = 25) 
from CD (n = 20) 

Sensitiyi^(%) ♦/ ' 7 /:\^ ; * ; 60 ; ^ - : .. ; ';> < 60 ' , 

Specificity (%) : : ■ ■ : >J-> 6S '<: '-'< - • ' f '/"': 88 f 

Positive predictive value (%) .'; - 68 v ; * M ^ 80 V ^ 

* Negative predictive value (%) . 56 ; ~' 73 : " v**; 

°For this analysis, pANCAs eliminated by DNAse, the pattern typical of UC, was used. s "*£ • * '. 



agnoses: functional abdominal pain 
(n = 21), colonic polyps causing rectal 
bleeding (n = 3), self-limited idiopathic 
acute colitis (n = 1), idiopathic peri- 
tonitis (n a 1), constipation (n = 1), in- 
testinal graft-versus-host disease after 
bone marrow transplantation (n = 1), 
liver disease (n = 6, 1 each with sickle 
cell disease, liver tumor, cholelithiasis, 
progressive familial intrahepatic 
cholestasis, autoimmune hepatitis, and 
acute idiopathic self-limited hepatitis), 
and no disease (n = 7). 

Of the 25 children with UC, 80% had 
detectable ANCAs (Figure, A). In con- 
trast, ANCAs were detected in 40% of 
children with CD and 1 1% of control 
children without IBD. The ANCA pat- 
tern most common in UC, pANCAs 
eliminated by DNAse treatment, was 
identified in 15 (60%) children with UC 
(Table II). Five of these 15 children 
with UC and positive pANCAs also had 
cytoplasmic ANCAs (c+p ANCAs). 
Five (20%) children with UC had no 
detectable ANCAs. 

The titer of ANCAs in UC overlaps 
with that in CD (Figure, A), However, 
titers above 100 EU/mL were specific 
for UC. 



Testing was also performed in 6 
healthy siblings of children with IBD 
(5 with CD and 1 with UC). ANCAs 
were detected in 4 (67%). None of the 
siblings had signs or symptoms of IBD. 

Positive titers of ASCA IgA and IgG 
were found in 12% of children with 
UC, 60% of children with CD, and 4% 
of control children (Figure, B and C). 
The most common pattern, both IgA 
and IgG ASCAs present, was noted in 
2 of 3 children with UC, 1 1 of 12 chil- 
dren with CD, and 2 of 3 control chil- 
dren with positive ASCA titers. 

Both ANCAs and ASCAs were iden- 
tified in 9 children (3 with UC, 4 with 
CD, and 2 control). The most common 
pattern, pANCAs eliminated by 
DNAse plus both IgA and IgG ASCAs, 
was seen in 5 children. The other 4 chil- 
dren had 3 different patterns. 

Table III shows the predictive power 
of ANCAs and ASCAs individually, or 
combined, in identifying children with 
IBD from control children without 
IBD. The best accuracy was obtained 
by combining results of the 2 tests. The 
highest specificity (95%) was provided 
by ASCAs. In a logistic regression 
analysis, the ANCA assay was the sin- 



gle best test with which to distinguish 
children with IBD from those without 
IBD. Use of antibody titers as continu- 
ous variables in a logistic regression 
model did not significantly improve the 
predictive power over the model in 
which the traditional categorical (posi- 
tive/negative) variables were used. 

Table IV shows the predictive power 
of each test for identifying the type of 
IBD. The ANCA pattern characteristic 
of UC, pANCAs eliminated by 
DNAse, had a sensitivity of 60% and a 
specificity of 65%. Similarly, the ASCA 
test for CD also had a sensitivity of 
60% but had a higher specificity, 88%. 

Discussion 

Our data suggest that testing for 
ANCAs together with ASCAs identifies 
the majority of children with IBD but 
does not have an accuracy useful for 
population screening. The presence of 
these antibodies may be helpful in con- 
firming the clinical suspicion of IBD. 
Earlier diagnosis may decrease the long- 
term morbidity of IBD, which includes 
delayed puberty and shorter ultimate 
height, 21 diminished bone density, 22 vita- 
min and mineral deficiencies, 23 and psy- 
chologic adjustment to chronic illness. 24 

Several differences in methodology 
and study design limit direct compari- 
son of our study with 4 other case-con- 
trol studies evaluating ANCAs and/or 
ASCAs in children. 91119 * 25 First, the 
ANCA assays are not standardized, 
and the DNAse specificity step was 
used in only one other study. 19 Second, 
the prevalence of IBD in the study 
group was quite different among the 
different studies. This is important in 
assessing the accuracy of the serologic 
tests because the positive predictive 
value tends to increase as the disease 
prevalence increases. 26 Compared 
with our study population, that of 
Ruemmele et al 19 had a higher preva- 
lence of IBD (37% vs 70%) and of CD 
(17% vs 50%) and showed a higher 
positive predictive value of combined 
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ASCA and ANCA testing for IBD 
(73% vs 96%) and of ASCA for CD 
(80% vs 92%). In contrast, our study 
population had a higher prevalence of 
UC (20% vs 14%), and we found a 
higher positive predictive value of 
pANCAs for UC (68% vs 54%). A 
third limitation in comparing studies is 
that the control groups were quite 
variable, consisting of a mixture of 
healthy children, siblings, and control 
subjects without IBD. In addition, 
there were large differences between 
the mean ages of the disease group and 
the control group. For example, al- 
though the IBD groups generally had 
a mean age between 12 and 15 years, 
the control group had a much younger 
mean age in some studies — 5.9 years 9 
and 6.5 years. 19 The mean age of the 
control group in our study was 10.7 
years, closer to that of the IlBD group. 
The age of the control group is impor- 
tant because the age at which ANCAs 
and ASCAs become detectable is un- 
known. A fourth and long-standing 
problem has been the absence of a 
"gold standard" for defining IBD and 
for discriminating UC from CD. Final- 
ly, other factors, such as genetic differ- 
ences between the populations studied, 
might affect the accuracy of these tests. 
Therefore large prospective studies are 
needed to assess the accuracy and util- 
ity of serologic testing in different set- 
tings and in different populations. 

The serologic assays may have been 
affected by the variable times after the 
diagnosis of IBD and other conditions. 
This is unlikely for several reasons. Our 
data are in agreement with other stud- 
ies showing that ASCAs are detected in 
about 60% of children 19 and adults 27 
with CD. Furthermore, the titer of 
pANCAs is independent of disease ac- 
tivity and medical and surgical therapy 
and persists after colectomy. 16 * 19 ' 28 " 30 
Similarly, ASCAs are independent of 
disease activity, disease duration, and 
medical treatment. 19 Thus the validity 
of the ANCA and ASCA assays is un- 
likely to be affected by variable disease 
duration and treatment. 



Our findings that 80% of children 
with UC have ANCAs and that 60% 
have pANCAs eliminated by DNAse 
are consistent with previous re- 
ports. 9,11,19,25 Our data confirm a pre- 
vious observation that high-titer 
ANCAs are specific for UC. Similarly, 
our finding that 40% of children with 
CD have ANCAs is consistent with re- 
ports in children 19 and adults. 31 Al- 
though pANCAs have been associated 
with a "UC-like" subtype of CD, we 
were unable to assess this association 
because almost all the children with 
CD in our study had colitis. 31 

Future studies will need to address 2 
issues. One issue is the determination 
of whether serologic markers such as 
ANCAs and ASCAs provide clinically 
useful information, such as disease lo- 
cation, disease severity, likelihood of 
specific complications, and identifica- 
tion of UC or CD in patients with in- 
determinate colitis. This type of infor- 
mation may provide a rationale for 
choosing specific therapies for treat- 
ment and prevention of complications 
associated with IBD. The large num- 
ber of patients needed to assess the 
clinical utility of serologic testing is be- 
yond the scope of this study. 

Another issue is the development of 
tools for screening general populations 
and groups at high risk for IBD. 
Healthy first-degree relatives of pa- 
tients with IBD have a high frequency 
of ASCAs (20%) 32 and of ANCAs 
(25%). 11,15 Thus antibodies associated 
with IBD may be commonly detected 
in healthy individuals at risk for IBD, 
but their significance is still unclear. It 
has been suggested that, as in celiac 
disease, 33 the presence of these anti- 
bodies may be a marker for a subclini- 
cal disease state. 32 The potential high 
frequency of seropositivity in healthy 
individuals and its unclear significance 
are factors limiting population screen- 
ing programs. 

In conclusion, we found that serolog- 
ic testing for ANCAs and ASCAs to- 
gether identifies about 70% of children 
with IBD. High-titer ANCAs are spe- 



cific for UC, whereas ASCAs are spe- 
cific for CD. The unclear significance 
of positive test results in family mem- 
bers who are free of symptoms pre- 
cludes screening of at-risk populations. 
Further study is necessary to deter- 
mine the optimal clinical utility of 
ANCA and ASCA testing in children 
with known or suspected IBD. 
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Abstract 

Background — Perinuclear antineutrophil 
cytoplasmic autoantibodies (pANCA) are 
a well recognised marker for ulcerative 
colitis. Antibodies to oligomannosidic 
epitopes of the yeast Saccharomyces cer- 
evisiae (ASCA) are a new marker associ- 
ated with Crohn's disease. 
Aims — To assess the value of detecting 
pANCA and/or ASCA for the diagnosis of 
ulcerative colitis and Crohn's disease. 
Methods — Serum samples were obtained 
from 100 patients with Crohn's disease, 
101 patients with ulcerative colitis, 27 
patients with other miscellaneous diar- 
rhoeal illnesses, and 163 healthy controls. 
Determination of pANCA and ASCA was 
performed using the standardised indirect 
immunofluorescence technique and an 
ELISA, respectively. 

Results — The combination of a positive 
pANCA test and a negative ASCA test 
yielded a sensitivity, specificity, and posi- 
tive predictive value of 57%, 97%, and 
92.5% respectively for ulcerative colitis. 
The combination of a positive ASCA test 
and a negative pANCA test yielded a sen- 
sitivity, specificity, and positive predictive 
value of 49%, 97%, and 96% respectively 
for Crohn's disease. Among patients with 
miscellaneous non-inflammatory bowel 
disorders, three were ASCA positive and 
two were pANCA positive. One control 
was ASCA positive. The presence of 
ASCA in patients with Crohn's disease 
was associated with small bowel involve- 
ment. 

Conclusion — ASCA and pANCA are 
strongly associated with Crohn's disease 
and ulcerative colitis, respectively. Com- 
bination of both tests could help the diag- 
nosis of inflammatory bowel disease. 
(Gut 1998;42:788-791) 

Keywords: Crohn's disease; ulcerative colitis; 
antineutrophil cytoplasmic autoantibodies; 
anu-Saccharomyces cerevisiae mannan antibodies 



Inflammatory bowel diseases (IBD) are subdi- 
vided into ulcerative colitis (UC) and Crohn's 
disease (CD). Several lines of evidence suggest 
that CD and UC are different diseases. 
However, some patients (10-12%) cannot be 
easily classified into either and a final diagnosis 



of indeterminate colitis is made. 1 2 Making an 
earlier, more accurate diagnosis of IBD is 
important as the management of CD and UC 
is different, especially when surgery is planned. 
A search for serological tests to differentiate 
CD from UC has been underway for a long 
time. An ideal serological marker should have 
high sensitivity, high specificity, and high 
predictive values. 

A subset of antineutrophil antibodies, com- 
monly referred to as perinuclear antineutrophil 
cytoplasmic autoantibodies (pANCA) has 
been reported in sera from patients with IBD. 
The prevalence of pANCA varies from 40% to 
80% in UC and from 0% to 20% in CD." 
Since 1988, systemic antibodies against the 
yeast Saccharomyces cerevisiae have been re- 
ported in sera from patients with CD. Although 
great variation was found both in patients' 
antibody responses and in the relative anti- 
genicity of different strains, these antibodies 
have been associated with CD and not UC.*" M 
We recently showed that this serological 
response recognises mannose sequences in the 
cell wall mannan of S cerevisiae strain Su 1 (for- 
merly 5 uvarum I, a species now classified 
within 5 cerevisiae), 13 Using the crude mannan 
from this strain as an antigen in an enzyme 
linked immunosorbent assay (ELISA), we 
found that testing for the presence of anri-S 
cerevisiae mannan antibodies (designated 
ASCA) was 64% sensitive and 77% specific for 
discriminating CD from UC and 89% specific 
for distinguishing CD from controls. 1 * 

In the present study, the association between 
pANCA and UC and ASCA and CD was 
evaluated by single or combined use of these 
tests. The relation between serological test 
results and clinical parameters of both diseases 
was also studied. 

Patients and methods 

PATIENTS 

Serum samples were obtained from 100 
patients with CD and 101 patients with UC, all 
unrelated. Diagnosis was based on the usual 
criteria.' Table 1 summarises their clinical data. 
Disease activity was assessed using the Crohn's 
disease activity index (CDAI). n In patients 
with UC, disease was regarded as quiescent 
when quiescent or mildly active, or active when 
moderately active or severe according to the 
Truelove and Witts index. 14 Patients who had 
previously been operated on were held to have 
active disease if there was clinical, biological, or 
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Tabic 1 Clinical details of patients with Crohn *s disease 
and ulcerative colitis 
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endoscopic evidence of activity. We also 
studied sera from 27 patients with other 
miscellaneous colitides/diarrhoeal illnesses. 
These patients consisted of seven with colla- 
genous colitis, six with acute self limited colitis, 
two with eosinophilic colitis, two with chronic 
radiation proctitis, two with subacute colonic 
schistosomiasis (Schistosoma haematobium), 
two with infectious colitis, one with pseu- 
domembranous colitis, one with lymphocytic 
colitis, one with acute diverticulitis, one with 
systemic mastocytosis presenting with colonic 
mucosal involvement, one with coeliac disease, 
and one with sarcoidosis with colonic involve- 
ment. Sera from 163 healthy hospital staff 
members and blood donors without any 
history of gastrointestinal disease or familial 
history of IBD were used as controls. 

All serum samples were stored at -40°C 
until assayed. Investigators had no knowledge 
of the diagnosis or clinical features at the time 
serological tests were conducted. 

ANCA INDIRECT IMMUNOFLUORESCENCE ASSAY 

Determination of pANCA was performed by 
an indirect immunofluorescence technique on 
ethanol fixed leucocytes according to the first 
International Workshop on ANCA. 15 Fluores- 
cein isothiocyanate conjugated rabbit antihu- 
man IgG (specific for y chains) (Dako, 
Glostrup, Denmark) was used. Patient sera 
were screened at a dilution of 1/20 in 
phosphate buffered saline. All slides were 
assessed by two well trained observers in a 
blinded fashion. 

ASCA EUSA 

Antigen consisted of phosphopeptidomannan 
(PPM) extracted from yeast cells from cultures 
in bioreactors. ELISA was performed as previ- 
ously described. 12 Briefly, plates were coated 
with 100 ul of PPM at a concentration of 1 
ug/ml in sodium carbonate buffer (60 mM, pH 
9.6), for one hour at 37 °C and overnight at 
4°C, in moist chambers, and then washed four 
times in TNT (50 mM Tris-HCl, 150 mM 
NaCl, 0.05% Tween 20, pH 7.5). Patient sera 



were diluted 1/1000 in TNT and tested in 
duplicate. Alkaline phosphatase labelled goat 
antihuman immunoglobulin (IgG, IgA, IgM; H 
and L chains; Zymed, Biosoft, Paris, France) 
was diluted 1/3000 in TNT. A colour reaction 
was obtained by using substrate Biotrol EIA 
405 (Biotrol, Paris, France) for alkaline phos- 
phatase. The plates were read at 405 nm on an 
Immunotech (Luminy, France) automatic 
reader. A coefficient of variation of less than 
2% corresponded to repeatability of optical 
density values on a single microtitre plate. Each 
new set of experiments involved sera from four 
patients exhibiting graded ASCA levels as con- 
trols. Interseries reproducibility of ASCA 
values showed a coefficient of variation of less 
than 5%. 

In our previous study, 12 we described the 
standardisation procedure which was designed 
to avoid variations in individual values ob- 
served between series of the immunological 
assay. Briefly, this involved the use of a standard 
consisting of a pool of CD patient sera strongly 
reacting with 5 cerevisiae mannan. Each set of 
experiments involved six dilutions of the 
standard (1/500-1/32 000) from which a 
standard curve was derived. The highest 
absorbance (saturation) observed at 405 nm, 
was arbitrarily defined as 100% reactivity. 
Results of individual sera were expressed as a 
relative reactivity extrapolated from the stand- 
ard curve and calculated by the ELIOT 
program (Immunotech, Luminy, France). The 
upper limit of normality, which gave the best 
compromise between sensitivity and specificity 
for CD versus UC, was determined following 
the establishment of receiver operating charac- 
teristics (ROC) curves. Curves were fitted 
using the SAS program, which indicated for 
each value the discriminating capacity in sensi- 
tivity and specificity.' 6 This was then used to 
determine the threshold of the test (3.12%). 

STATISTICAL ANALYSIS 

Sensitivity was defined as the probability of a 
positive test result in a patient with the disease 
under investigation. Specificity was defined as 
the probability of having a negative result in a 
patient without the disease under investigation. 
The positive predictive value was defined as the 
probability of being affected with the disease in 
a patient with a positive test result. It depends 
on the prevalence of the disease in the popula- 
tion under investigation and can be determined 
from a formula based on the Bayes theorem of 
conditional probability. 17 The prevalences of 
CD and UC in Northern France are not 
known, but the incidences per 100 000 popula- 
tion are 4.9 and 3.2, respectively. 1 To calculate 
positive predictive values, we took the ratio of 
incidences of CD and UC to represent the ratio 
of their prevalences. When studying the 
relation between test results and clinical 
parameters, the x 2 test or Fisher's exact test was 
used when appropriate, and a multivariate 
analysis was performed using a logistic 
regression model. Significance was assigned to 
any probability value less than 0.05. 
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Table 2 Test results for diagnosing either ulcerative colitis or Crohn 's disease in patients 
with inflammatory toxoid disease 
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Results 

Figure 1 shows perinuclear ANCA and ASCA 
results in the different groups. Table 2 shows 
performances of both tests used either singly or 
combined in 201 patients with IBD. Among 
patients with UC, no relation was observed 
between the presence of pANCA and any 
clinical parameter including site of disease, dis- 
ease activity, treatment, or previous surgery 
(data not shown). Age at diagnosis was signifi- 
cantly less in patients with CD who were 
ASCA positive than in patients who were nega- 
tive: 21 years (median), 10-59 (range) versus 
24 years (15-47) (p<0.05). Percentages of 
ASCA positivity were 62%, 46%, and 74% in 
patients with small bowel involvement, pure 
colonic disease, and both small bowel and 
colon involvement, respectively. The preva- 
lence of ASCA was significantly higher in 
patients with small bowel involvement (with or 
without colonic disease) than in patients with 
pure colonic disease: 70% versus 46% 
(p<0.05). The presence of ASCA was inde- 
pendent of disease activity and treatment. In 
the multivariate analysis, only small bowel 
location was significantly associated with 
ASCA positivity (adjusted odds ratio 2.7; 95% 
confidence interval l.l-6.7;p=0.027). Patients 
with CD who were pANCA positive had no 
particular clinical features compared with 
patients who were pANCA negative. Patients 
with UC who were ASCA positive had no par- 
ticular clinical features compared with patients 
who were ASCA negative. 

Among 27 patients with miscellaneous non- 
IBD disorders, one with eosinophilic colitis was 
ASCA positive and pANCA positive, two were 
ASCA positive and pANCA negative (one with 
radiation proctitis, one with sarcoidosis) and 
one was ASCA negative and pANCA positive 
(collagenous colitis). One the 163 controls was 
ASCA positive. 



Discussion 

In the present study, we assessed the preva- 
lence of ASCA and pANCA in a large popula- 
tion and their value for differentiating between 
UC and CD and between IBD and other 
colitides. At present, it appears that ASCA and 
pANCA are strongly associated with CD and 
UC, respectively. 

Our percentages of serum samples from 
patients with UC and CD which were pANCA 
positive are comparable to the data reported in 
Western Europe. ,H Overall sensitivity (61%) 
and specificity (88%) of ASCA for CD in this 
study were similar to those reported in a 
smaller series of adult patients, 12 and more 
recently in a paediatric series." After combin- 
ing the two tests, sensitivity dropped by 
approximately 10%, as would be expected, but 
specificity increased to more than 95% yielding 
a very high positive predictive value for this 
combination. Among patients with miscellane- 
ous non-IBD disorders, only three were ASCA 
positive and two were pANCA positive. These 
tests could thus be useful in clinical practice to 
differentiate between IBD and other colitides. 
The clinical relevance of serological tests also 
relates to differentiation of CD from UC in 
patients with colitis. Combination of both tests 
yielded high positive predictive values for the 
diagnosis of either UC or CD, which could 
make them usefully applicable to individual 
patients. In our study population of 37 patients 
with pure colonic CD, sensitivity dropped to 
45% for ASCA and to 32% for the association 
pANCA negative/ASCA positive (12/37). 
However, the high positive predictive value 
would allow an accurate diagnosis in one third 
of these patients. 

Increasing evidence supports the concept of 
clinical and genetic heterogeneity in IBD and 
serum immune markers have been used to 
characterise subgroups of patients. 20 The pres- 
ence of pANCA in UC was independent of 
disease activity and extent; pANCA were also 
present in patients who had been operated on, 
confirming previous reports.*"* 21 12 Vasiliauskas 
et al reported that 100% of patients with CD 
who were pANCA positive had "UC like 
features'*. " More recently the same group 
reported that there was a negative correlation 
between mean ANCA level and ASCA expres- 
sion and that 100% of DNAse sensitive 
pANCA/ASCA negative patients with CD had 
the "UC like" phenotype. 24 This suggests that a 
phenotypically distinct group of CD could be 
defined by their pANCA and ASCA status. In 
the present study, the presence of pANCA 
could not be associated with particular clinical 
features, thus confirming our previous report. 25 
However, the techniques used to identify 
ANCA were different in Vasiliauskas ei aPs 
study and ours. This further underscores the 
need for international standardisation for 
ANCA determination in IBD. 25 26 

Patients with CD who were ASCA positive 
were younger than those who were ASCA 
negative, and the prevalence of ASCA was sig- 
nificantly associated with small bowel 
involvement. Using multivariate analysis, only 
small bowel involvement was significantly 
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associated with ASCA positivity. However, age 
and disease location are correlated: in this 
series, patients with small bowel involvement 
were younger at diagnosis than patients with 
pure colonic disease. The literature supports 
the concept of more small bowel disease in 
childhood and adolescent series and more 
colonic disease in older onset populations." 28 
Other series are needed to confirm whether 
ASCA represent a serological marker of a clini- 
cal subgroup with younger age at diagnosis and 
more frequent small bowel involvement. 

The present study has shown that the 
combined use of ASCA and pANCA could 
differentiate CD from UC and other colitides 
although the relatively low prevalence of ASCA 
in patients with CD colitis may limit its clinical 
usefulness. Assaying for these markers may 
reveal clinical subgroups. However, since vari- 
ous prevalences of serological markers, such as 
pANCA, have been observed worldwide,* 8 it is 
recommended that multicentre, prospective 
studies be conducted. 

This work was supported by a grant from the Institut dc 
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Background & Aims : Accurate serological assays are 
desirable for the diagnosis of inflammatory bowel 
disease (IBD) types in the pediatric age group. The aim 
of this study was to test the diagnostic accuracy of 
modified assays for perinuclear (p) antineutrophil cyto- 
plasmic antibodies (ANCAs) and antl-Saccharomyces 
cerevisiae antibodies (ASCAs) in patients with pediatric 
ulcerative colitis (UC) and Crohn's disease (CD) and in 
those without IBD. Methods : With observers blinded to 
patients' diagnoses, serum specimens were analyzed 
for immunoglobulin (Ig) A and IgG ASCAs and ANCAs by 
enzyme-linked immunosorbent assay. The perinuclear 
location of ANCAs visualized by indirect immunofluores- 
cence was confirmed by its disappearance after admin- 
istration of deoxyribonuclease. Results : IgA and IgG 
ASCA titers were significantly greater and highly spe- 
cific for CD (95% for either, 100% if both positive). 
pANCA was 92% specific for UC and absent in all 
non-IBD controls. The majority of patients with CD 
positive for pANCA had a UC-like presentation. Disease 
location, duration, activity, complications, and treat- 
ment with immunosuppressive drugs did not have an 
impact on the ASCA or pANCA assay results. After 
resection, UC patients remained pANCA positive, in 
contrast to patients with CD, in whom ASCA titers 
decreased toward normal values postoperatively. 
Conclusions : ASCA and pANCA assays are highly dis- 
ease specific for CD and UC, respectively. These 
serological tests can assist clinicians in diagnosing and 
categorizing patients with IBD and may be useful in 
making therapeutic decisions. 

As in adults, the clinical presentation of inflammatory 
L bowel disease (IBD) in children depends largely on 
the site and extent of the mucosal inflammation. How- 
ever, the diagnosis of IBD is more often delayed in 
children because of the frequency of nonspecific symp- 
toms at the onset of disease. 1 Reliable serological screen- 
ing tests would potentially be helpful in identifying 



children and adolescents with IBD, resulting in earlier 
diagnoses. 

Crohn's disease (CD) and ulcerative colitis (UC) are 
generally considered to be distinct forms of IBD. Yet, 
their symptoms and clinical presentations commonly 
overlap, and their discrimination in cases limited to the 
large bowel may be problematic. 2 Among patients with 
CD, a defined subgroup with a UC-like presentation has 
been described, illustrating the similarities of these 
diseases. 3 To distinguish these entities from each other 
and especially from self-limited intestinal inflammation, 
various clinical, radiological, endoscopic, and histopatho- 
logic criteria have been put forth. Nevertheless, a certain 
proportion of cases (10%- 15%) defy clear categorization 
even after colectomy and are commonly referred to as 
indeterminate colitis (I C). 1,2,4 In the pediatric literature, 
IC is the term applied to cases of IBD limited to the colon 
with features suggestive of both UC and CD, without 
restricting the definition to patients who have undergone 
colectomy. 4 Furthermore, a diagnosis in a patient initially 
identified as having UC may, over time, be "switched" to 
CD in view of the extension of disease. 5,6 Accurate, 
noninvasive tests to distinguish such cases would be very 
helpful in such circumstances. 

In UC, perinuclear (p) antineutrophil cytoplasmic 
antibodies (ANCAs) have been reported to be present in 
60%-80% of cases, with a high degree of disease 
specificity. 7,8 Main et al. first identified increased titers of 
an ti-Saccharomyces cerevisiae antibodies (ASCAs) in the sera 
of adult patients with CD compared with those with UC 
or healthy controls. 9 These antibodies are directed against 
distinct oligomannosidic epitopes of this yeast, as re- 
cently characterized by Sendid et al. 10 Recent technical 



Abbreviations used in this paper: ANCA, antineutrophil cytoplas- 
mic antibody; ASCA, anXi-Saccharomyces cerevisiae antibody; CD- 
DX-1 , Crohn's disease diagnostic system; DNase, deoxyribonucle- 
ase; ELISA, enzyme-linked immunosorbent assay; EU, ELISA unit; IC, 
indeterminate colitis; p, perinuclear; UC-DX-1. ulcerative colitis 
diagnostic system. 
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advances in these assays have allowed us to enhance the 
disease-specific accuracy of the ASCA and pANCA 
diagnostic systems. 11 

This study was designed to test the diagnostic accuracy 
of these noninvasive tests, with special regard to their 
ability to discriminate pediatric patients with CD and 
colitis from those with UC and from non-IBD controls. 
We also examined the effect of disease location, duration, 
activity, complications, and medical as well as surgical 
treatments on ASCA and pANCA assay results. 

Materials and Methods 

Study Population 

Serum was collected from pediatric patients attending 
the Ste-Justine Hospital gastroenterology inpatient service and 
IBD clinics. The selection of patients for this study was made 
on the basis of an absolute diagnosis in well-defined ("reagent* 
grade") patients (n = 173) who had undergone a complete 
diagnostic work-up for IBD. Furthermore, serum was collected 
from 36 consecutive patients who were prospectively assessed 
to rule out IBD. In all, 252 specimens from 209 consenting 
subjects were collected. All serum samples were coded so that 
analyses could be performed with the experimenter blinded to 
the patients' diagnoses. The study protocol was approved by 
the Ste-Justine Hospital Ethics Committee. 

Clinical information for each patient was collected by chart 
review independently by two investigators unaware of the 
results of the antibody profiles. According to their concordant 
diagnosis established by standard clinical criteria and with 
endoscopic, histopathologic, and radiographic confirmation, 4 
the patients with IBD were classified as CD (n = 130) or UC 
(n = 35). A third group consisted of patients (n = 11) whose 
initial endoscopic and histopathologic diagnosis was that of an 
indeterminate colitis (IC), based on the criteria of Chong et 
al. 12 Among these, further investigations over a period of 0.5-4 
years led to a diagnosis of CD and UC (n = 1 case each); these 

Table 1 . Characterization of the Patient Groups Studied 





CD-DX-1 + 


CD-DX-1 - 


n 


71 


59 


Mean age (yr) 


14.3(10-21) 


13.8(1-21) 


Disease duration (mo) 


22.4(1-96) 


22.0 (0-70) 


Active disease 


11 


10 


Small bowel involvement 


19 


15 


Large bowel involvement 


8 


11 


Small and large bowel involvement 


44 


33 


Complications 


16 


6 


Surgery 


4 


7 


Corticosteroids 


37 


31 


6-Mercaptopurine 


8 


4 



patients were thus included in their respective CD and UC 
groups. The remaining 9 patients constituted our IC group. 
The control group (n = 78) without evidence of IBD consisted 
of patients with untreated celiac disease (n = 25), eosinophilic 
colitis (n = 16), irritable bowel syndrome (n = 16), acute 
self-limited bacterial colitis (n = 10), peptic ulcer disease 
(n = 3), autoimmune enteropathy (n = 2), gastroesophagal reflux 
(n = 2), or antral stenosis, intestinal pseudo-obstruction, polyposis, 
and an ischiorectal fistula (n = 1 each). Further characterization of 
these patient groups is shown in Table 1. Disease activity for the 
group with CD was calculated by using a modified Harvey- 
Brads haw index 13 and by the Truelove and Witts scale for UC. 14 

CD Diagnostic System 

The presence of ASCA was determined by a fixed 
enzyme-linked immunosorbent assay (ELISA; Prometheus Labo- 
ratory, San Diego, CA). Briefly, microtiter plates were coated 
with phosphopeptidomannans from the yeast Saccharomyces 
uvarum. Control and coded samples were added at a 1:100 
dilution. Bound antibodies were labeled by alkaline phospha- 
tase-conjugated goat anti-human immunoglobulin (Ig) G. 
After the addition of p-nitrophenol, specific absorbance was 
measured at 405 nm. The absorbance of each sample was 
evaluated and assigned ELISA unit (EU) values relative to the 
absorbance of a pool of sera collected from well-characterized 
patients with CD. The standard pool was arbitrarily assigned 
the value of 100 EU/mL. Results of the CD diagnostic system 
(CD-DX-1) panel were positive if either IgG or IgA or both 
were positive. Before this study, the cutoff for positivity was 
determined at Prometheus Laboratory on the basis of results in 
well-defined patients with CD and was set at 20 and 40 EU/mL 
for IgA and IgG ASCA, respectively. 

UC Diagnostic System 

The presence of ANC A was first screened for by means 
of a fixed neutrophil ELISA (Prometheus Laboratory) as 
described previously. 15 Briefly, microtiter plates were coated 



UC 



UC-DX-1 + UC-DX-1" IC Non-IBD 



20 15 9 78 

13.6(5-17) 12.1(8-18) 13.8(8-17) 6.5(0.1-20) 

15.7 (0-52) 19.8(2-54) 15.3(10-52) — 

2 0 1 — 

— — 0 — 
20 15 9 — 

— — 0 — 

3 4 2 0 
3 2 1 0 
5 6 5 0 
0 0 0 0 



NOTE. In CD, a Harvey-Bradshaw index of >5 was defined as active disease; disease activity in children with UC was determined by means of the 
Truelove index. As noted in Materials and Methods, disease location was based on radiological, histological, and endoscopic findings'. 
Complications included fistulae, perforation, stenosis, or obstruction in children with CD. or arthritis, pericarditis, or autoimmune thyroiditis in 
children with UC. 
+ . positive; - , negative. 
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with 2.5 X 10 s methanol-fixed neutrophils per well. After 
nonspecific antibody binding was blocked with 0.25% bovine 
serum albumin, control and coded sera were added at 1:100 
dilutions. Neutrophil -bound antibody was labeled by alkaline 
phosphatase-conjugated goat anti-human IgG. After the addi- 
tion of /hnitrophenol, specific absorbance was measured at 405 
nm. Before this study, the cutoff for positivity was determined 
by positive controls from well-defined patients with UC (mean, 
13.9 EU/mL) at Prometheus Laboratory. 

Indirect immunofluorescence staining was then performed 
on ANCA ELISA-positive samples to determine whether a 
predominantly perinuclear (pANCA) or cytoplasmic (cANCA) 
staining pattern was present. Briefly, methanol-fixed neutro- 
phils on glass slides were incubated with the coded samples 
(1:20 dilution). Specific binding was visualized by fluorescence 
microscopy after the addition of fluorescein-labeled anti- 
human IgG. The specificity of the perinuclear staining pattern 
in UC was finally confirmed by its disappearance after 
deoxyribonuclease (DNase) treatment of the neutrophils (Pro- 
metheus Laboratory). Results of the UC diagnostic system 
(UC-DX-1) panel were considered positive when both the 
ANCA titer was above the cutoff and the indirect immunofluo- 
rescence revealed a perinuclear binding of ANCA that disap- 
peared after DNase treatment. 

Statistical Analysis 

All variables were tested for normal distribution by 
means of the David, Pearson, and Stephens test. When 
necessary, a log transformation was performed to obtain a 
normal distribution. Analysis of variance was used for compari- 
son of IgA ASCA, IgG ASCA, and ANCA titers between 
groups. Adjustment' for multiple comparisons was made using 
the Bonferoni correction, x 2 tests were usec * t0 compare 
qualitative variables between groups. A P value of <0.05 was 
considered significant. 

Results 

CD-DX-1 Assay System 

Comparison of ELISA results showed that the 
mean levels for both IgA and IgG ASCA (Figures 1 and 2) 
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Figure 1. Scattergram showing IgA ASCA values as determined by 
ELISA in children with CD vs. children with UC, IC, and non-IBD 
controls. 
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Figure 2. Scattergram showing IgG ASCA values as determined by 
ELISA in children with CD vs. children with UC, IC, and non-IBD 
controls. 

were markedly higher in CD than the UC and non-IBD 
groups (P< 0.001). Moreover, as shown in Tables 2-4, 
the CD-DX-1 assay system (ASCA IgA and/or IgG) 
proved to be highly specific (95%) for CD, with 71 of 
130 (55%) patients with CD being positive, compared 
with only 2 of 35 (6%) with UC, and 4 of 78 (5%) 
without IBD (P< 0.005). The combination of IgA and 
IgG ASCA positivity was 100% specific for CD. Only 1 
of 1 1 patients initially classified as IC had a positive IgA 
ASCA titer. In the follow-up on this particular patient, a 
definitive diagnosis of CD was made 4 years after the 
initial blood sample was taken. Therefore, this patient 
was included in the CD group. None of the untreated 
celiac patients was ASCA positive. 

UC-DX-1 Assay System 

In distinct contrast, ELISA ANCA levels were 
significantly elevated in UC (Figure 3). Using indirect 
immunofluorescence with DNase, this assay system was 
highly specific (92%) for UC (Tables 2-4). Among 
patients with UC, 20 of 35 (57%) had a positive pattern 
compared with 17 of 130 (13%) and 0 of 78 (0%) 
children in the CD and non-IBD groups, respectively 
(P< 0.005). Antineutrophil cytoplasmic antibodies were 
present in some children in the CD and non-IBD groups. 
However, the perinuclear location characteristic of UC 
was not found in any non-IBD patients. Among the IC 
group, the 1 patient whose follow-up led to the diagnosis 
of UC was pANCA positive. Of the remaining 9 patients 
with IC, 6 had ANCA titers above the cutoff for positivity 
(Table 2). In 2 of these patients, the immunofluorescence after 
DNase treatment showed a true perinuclear straining 
pattern. Among the 17 patients with CD who were 
pANCA positive, 10 (59%) presented characteristic 
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Table 2. Results of ASCA and ANCA Assays in Pediatric Patients Evaluated for Possible IBD 



Patient 
group 


n 


lgAASCA + 
n(%) 


IgG ASCA + 
n{*) 


IgA or IgG 
ASCA + 
n(%) 


IgA and IgG 
ASCA+ 
n(%) 


ANCA 
ELISA+ 
n{%) 


pANCA indirect 
immunofluorescence 
after DNase n (%) 


CD (all) 


130 


56 (43) 


56 (43) 


71 (55) 


41 (32) 


54 (42) 


17(13) 


CD (colitis) 


17 


8(47) 


5(29) 


8(47) 


5(29) 


11 (65) 


2(12) 


UC 


35 


0 


2(6) 


2(6) 


0 


31 (89) 


20 (57) 


IC 


9 


0 


0 


0 


0 


6(67) 


2(22) 


Non-IBD controls 


78 


4(5) 


0 


4(5) 


0 


8(10) 


0 



+ , positive. 

UC-like symptoms, as recently defined by Vasiliauskas et 
al. 3 This subgroup comprised 8 CD patients with 
pancolitis and 2 others with continuous, left-sided colitis. 
Interestingly, 7 of the 8 (88%) CD patients with 
pancolitis had very high ANCA titers, similar to that 
observed in the UC group (68.2 vs. 57.7 EU/mL, 
respectively). However, ANCA titers were significantly 
{P< 0.001) higher for the UC patients compared with 
the entire CD colitis subgroup. Furthermore, 5 of these 8 
patients with UC-like pancolitis CD had a clear peri- 
nuclear ANCA immunofluorescent pattern. 

Disease Location 

As shown in Tables 1 and 2, no relationship was 
found between CD-DX-1 assay positivity (either IgA or 
IgG ASCA or both) and the site of CD inflammation 
(small vs. large bowel involvement, or both; P— 0.7). 
Comparing untreated celiac disease patients as small 
bowel inflammatory controls confirmed that the highly 
significant increase for both IgA ASCA (P < 0.01) and 
IgG ASCA (P < 0.0001) was restricted to the CD group. 
Patients with CD limited to the colon tended to have 
lower IgA and IgG ASCA compared with others with CD 
(P= 0.3; Figures 4 and 5), although their levels were 
significantly higher (P < 0.005) compared with all other 
patients with colitis (UC, IC, eosinophilic and acute, 

Table 3. Diagnostic Accuracy of the Serological Tests to 



Distinguish Between CD, UC, and Non-IBD 








Positive 


Negative 




Sensitivity 


Specificity 


predictive 


predictive 




{%) 


{%) 


value (%) 


value {%) 


IBD vs. non-IBD: 










CD-DX-1 or 










UC-DX-1 assay 


55 


95 


96 


50 


CD vs. UC + non-IBD: 










CD-DX-1 assay (IgA 










or IgG) 


55 


95 


92 


64 


CD vs. UC + non-lBD: 










CD-DX-1 assay (IgA 










and IgG) 


32 


100 


100 


56 


UC vs. CD + non-IBD: 










ANCA ELISA 


89 


70 


33 


97 


UC vs. CD + non-IBD: 










UC-DX-1 assay 


57 


92 


54 


93 



self-limited colitis). The CD-DX-1 assay was highly 
specific for the CD colitis subgroup (Table 4): 96% with 
one ASCA positive and 100% with IgA and IgG ASCA 
positive (CD colitis vs. UC and non-IBD colitis). The 
UC-DX-1 assay was positive in 22% of patients with IC 
vs. 57% of patients with UC. Only 13% of the entire CD 
group (small and/or large bowel disease) and 12% of the 
CD colitis subgroup had a positive pANCA fluorescence 
pattern, confirmed by its disappearance after DNase 
treatment. 

Disease Duration 

No significant correlation was observed between 
the duration of symptoms in CD and the results of the 
CD-DX-1 assay (Table 1), excluding the 1 1 patients who 
had undergone surgery (22.9 months [range, 1-96 
months] vs. 17.0 months [range, 0-70 months] for 
CD-DX-1 -positive vs. -negative patients with CD; 
P= 0.25). Among children with a recent diagnosis of 
CD, 10 of 14 (71%) were positive for CD-DX-1. The 
results of this subgroup, tested during initial diagnostic 
workup, were not statistically different from those of the 
entire CD group (0.5 < P< 0.7). Among the 20 pa- 
tients with CD who underwent repeated assays, 3 
converted from ASCA negative to positive after a variable 
period (1 month to 5 years). Three others remained 

Table 4. Diagnostic Accuracy of the Serological Tests to 
Distinguish Between CD Colitis, UC, and 
Non-IBD Colitides 

Positive Negative 
Sensitivity Specificity predictive predictive 
(%) [%) value {%) value (%) 

CD colitis vs. UC + non- 
IBD colitis: CD-DX-1 

IgA or IgG ASCA 47 96 73 87 

CD colitis vs. UC + non- 
IBD colitis: CD-DX-1 

IgA and IgG ASCA 29 100 100 87 

UC versus CD 
colitis + norvlBD 

colitis: ANCA ELISA 89 78 . 70 92 

UC vs. CD colitis + non- 
IBD colitis: UC-DX-1 

assay 57 97 91 79 
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Figure 3. Scattergram showing ANCA titers as determined by ELISA in 
pediatric patients with UC. IC. and CD, and non-IBD controls. 

CD-DX-1 negative; the others showed little variation 
(<25%) in ASCA titers over time. None of the initially 
ASCA-positive patients with CD converted to negative. 

Similarly, disease duration did not influence the results 
of the UC-DX-1 assay system in patients with ulcerative 
colitis (mean, 15.7 and 19.8 months for UC-DX-l- 
positive and -negative groups, respectively; P > 0.25). 

Disease Activity 

We did not observe a statistically significant effect 
of disease activity on ASCA titers in the CD group or on 
ANCA results in the UC group. Among the patients 
with CD with active disease (n = 21/119, 18%), defined 
by a Harvey-Bradshaw index of >5, mean ASCA IgG 
was 82 EU/mL vs. 66 EU/mL, and mean ASCA IgA was 
28 EU/mL vs. 34 EU/mL for the subgroup in remission 
(P=NS). ASCA double positivity in CD did not 
correlate with higher disease activity. 

Complications 

Serum IgA and IgG ASCA titers were not differ- 
ent among CD patients with complications in the form of 
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Figure 4. Effect of the site of inflammation on IgA ASCA titers (mean 
of each group ± SD). *P<0.01, CD vs. UC or non-IBD. 
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Figure 5. Effect of the site of inflammation on IgG ASCA titers (mean 
of each group ± SD). * P < 0.01 , CD vs. UC or non-IBD. 

fistulae, perforation, stenosis, or obstruction (n = 22, 
18%) compared with those without such complications 
(Table 1). Among the patients with UC, 7 presented with 
extraintestinal complications, including arthralgias 
(n = 5), pericarditis (n = 1), and autoimmune thyroid- 
itis (n = 1). These associated autoimmune phenomena 
did not have an impact on the results of the UC-DX-1 
assay. 

Medical Therapy 

The use of systemic corticosteroids (intravenous or 
oral) in CD (n = 68, 52%) did not influence the results of 
the CD-DX-1 -assay; their use in UC (n = 1 1, 31%) also 
had no effect on the results of the UC-DX- 1 assay (Table 
1). Similarly, mesalamine or 6-mercaptopurine (n = 12) 
use did not have an impact on these results compared 
with untreated findings in patients with IBD. 

Surgery 

Among patients with CD, 11 of 130 (8%) had 
undergone a resection. In 7 of these, the postoperative 
CD-DX-1 assay results were negative. The mean interval 
between surgery and testing was 3 years in the CD-DX- 
1 -negative group, whereas the 4 patients positive for 
ASCA were all analyzed immediately postoperatively 
(<4 days). Unfortunately, these patients were not part of 
a prospectively conducted study, and therefore no serum 
from before surgery was available for comparison. In the 
group with UC, 5 of 35 (14%) had undergone surgery. 
Except for 1 child with negative results of an ANCA 
panel despite high ANCA ELISA titers, the 4 others 
remained pANCA positive after colectomy (mean inter- 
val between surgery and the assay, 4 months; range, 1-18 
months) . 

Discussion 

A dramatic increase in the incidence of CD during 
childhood has been recognized over the past few decades, 
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with a trend toward an increasing number under the age 
of 10 years at the time of diagnosis. 16-20 Prompt 
recognition of IBD, whose incidence peaks in the second 
decade of life, has thus become increasingly important for 
physicians caring for children and adolescents. In this 
study, we show for the first time that the CD-DX-1 and 
UC-DX-1 assay systems are highly specific diagnostic 
tools in pediatric CD and UC, respectively. As shown in 
Table 3, the specificity and positive predictive values of 
the two assays in discriminating IBD vs. non-IBD 
patients were 95% and 96%, respectively. Furthermore, 
only children with CD were double-positive for IgA and 
IgG ASCA (100% specific). The combination of ANCA 
testing by ELISA followed by immunofluorescence and 
the additional confirmatory step using DNase treatment 
of neutrophils with bound antibodies, resulting in the 
disappearance of the perinuclear staining, increased the 
disease specificity of the assay in UC patients from 70% 
to 92%, in accordance with recent reports in adults. 7,8,21 
The combined use of both assay systems as an IBD panel 
gave an overall agreement of 68% with the final diagnosis 
(CD, UC, or non-IBD) on the basis of clinical, endo- 
scopic, radiographic, and histopathologic criteria. 

As in adults, the clinical presentation of IBD in the 
pediatric age group depends largely on the site and extent 
of the mucosal inflammation. 1 Insidious onset of abdomi- 
nal pain, chronic diarrhea, and weight loss are hallmark 
symptoms of CD, whereas rectocolonic inflammation due 
to UC or CD usually presents more acutely with hemato- 
chezia. However, the diagnosis of IBD is often delayed in 
pediatric patients because of the nonspecific nature of 
symptoms. 1,6 These include decelerated growth velocity, 
anorexia with fatigue, or pubertal delay. Furthermore, 
extraintestinal manifestations such as arthritis or fever are 
more frequent in children than in adults, potentially 
misdirecting the initial clinical evaluation. 1,6 The results 
of this study suggest that this noninvasive IBD panel 
could be useful in suspected cases of CD and UC. In the 
subset of 36 patients prospectively evaluated for the 
possibility of IBD, 71% of patients with CD and 75% of 
those with UC had positive findings of a disease-specific 
panel at the time of their initial diagnostic workup. 
Although the CD-DX-1 and UC-DX-1 assays are imper- 
fect, their sensitivities of the CD-DX-1 and UC-DX-1 
assays are vastly superior to that reported for other 
commonly used biological disease markers, such as the 
rheumatoid factor (15%-20% sensitivity) or antinuclear 
antibody test (24%-66%) for juvenile rheumatoid arthri- 
tis. 22 About two thirds of pediatric patients with CD 
have an elevated erythrocyte sedimentation rate. 23 How- 
ever, this widely used biological marker lacks disease 



specificity and is not useful in discriminating between 
CD and UC. 

A major diagnostic dilemma in the pediatric age group 
results from the overlap between UC and CD limited to 
the large bowel. Most often, such cases are grouped as 
IC. 1,4 In the present study, we classified our patients into 
well-defined CD or UC groups. The IC classification was 
used when the endoscopic findings and histopathologic 
features of the biopsy specimens did not clearly distin- 
guish between the other two entities. We observed that 
13% of children with CD were positive for pANCA, 
consistent with the 10%-30% rate in patients with CD 
who express serum pANCA in adult IBD cohorts. 24,25 
Looking at the CD-colitis subgroup, the percentage of 
pANCA-positive children (12%) was significantly infe- 
rior to that noted for the UC group (57%). Moreover, the 
UC-DX-1 assay proved to be highly specific (97%) for 
UC vs. CD and non-IBD colitis, with positive and 
negative predictive values of 91% and 79%, respectively 
(Table 4). 

In our series, the majority (59%) of CD patients with 
pANCA immunofluorescence presented characteristic 
UC-like symptoms. Vasiliauskas et al. 3 recently noted 
that all pANCA-positive adult patients with CD had 
UC-like symptoms. The observation of pANCA in young 
children with CD at the onset of their disease supports 
the concept of a biological marker in a distinct subgroup 
of patients with CD. Furthermore, positive pANCA 
titers in the majority of pediatric patients with UC who 
had undergone surgery persisted, in agreement with 
findings of other recent studies. 26 The absence of pANCA 
in acute, self-limited, or eosinophilic colitis indicates that 
this disease marker does not simply reflect the presence of 
mucosal inflammation but more likely the type of 
mucosal inflammation. Similarly, ASCA titers were nega- 
tive in all of our untreated celiac patients, in contrast to 
results of a previous report using a different method in 
adults. 27 

Among the group of children with IC, 22% had a 
positive UC-DX-1 panel vs. only 12% and 0% for the 
CD and non-IBD groups, respectively. These data suggest 
that children presenting with mild forms of UC are more 
likely to be classified initially as IC on clinical grounds. 
During follow-up, one of our IC pANCA-positive pa- 
tients later proved to have UC. 

The CD-DX-1 assay was able to clearly discriminate 
between CD colitis and IC, having 100% specificity for 
IgA and/or IgG ASCA positivity in CD patients with 
colitis. The only child with positive ASCA titers, initially 
classified as IC, was later confirmed to have CD. These 
data allow us to speculate that results of this assay, if 
positive, help in identifying and classifying patients with 
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CD who initially present with nonspecific colonic inflam- 
mation. Furthermore, the CD-DX-1 was 100% predic- 
tive value positive for CD colitis vs. UC and non-IBD 
colitis when the IgA and IgG ASCA were both positive. 

In contrast to persistent pANCA results in patients 
with UC after colectomy, ASCA titers decreased toward 
normal values found in non-IBD and healthy controls 
when tested a few years after resection in pediatric 
patients with CD. This suggests the possibility that 
ASCA represents a humoral immune response to a 
luminal antigen, taken up across the inflamed, disrupted 
mucosal barrier. However, a prospective analysis of serum 
ASCA titers before and after surgery in a larger cohort of 
patients with CD is needed to confirm these findings. On 
the other hand, it is notable that patients with CD do not 
have higher antibody titers to Candida and other yeast 
organisms present within the gut lumen compared with 
healthy controls. 28 In view of negative ASCA titers in our 
untreated celiac patients, altered barrier function alone is 
an insufficient explanation. We did not observe a relation- 
ship between disease activity and ASCA positivity (Table 
1). However, prospective testing serially over a defined 
period would have to be performed for firm conclusions 
on this issue to be drawn. 

Our data on the combined use of the noninvasive 
CD-DX-1 and UC-DX-1 assays (Tables 2-4) suggest that 
they are helpful in the diagnosis of IBD in children. 
When the results of both tests are taken together, we 
observed a specificity of 95% and a positive predictive 
value of 96% for IBD. The diagnostic value of the 
combined use of these serological tests has been shown in 
a recent preliminary report in an adult cohort with 
IBD. 29 The high disease specificity of both diagnostic 
panels may be of particular assistance in making major 
therapeutic decisions, such as in patients with severe 
colitis. Positive CD-DX- 1 and negative UC-DX- 1 panel 
findings would favor the use of medical rather than 
surgical therapy in the nontoxic patient. Further prospec- 
tive studies are needed to ascertain the predictive value 
and cost-effectiveness of using ASCA in combination 
with other laboratory markers in screening for IBD in 
patients with nonspecific symptoms and normal results of 
a physical examination. 
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OBJECTIVES: The combined measurement of perinuclear an- 
tineutrophil cytoplasmic autoantibodies (pANCA) and anti- 
Saccharomyces cerevisiae mannan antibodies (ASCA) has 
recently been suggested as a valuable diagnostic approach in 
inflammatory bowel disease (IBD). The aim of this study 
was to assess the value of detecting pANCA and ASCA in 
the differentiation between ulcerative colitis (UC) and 
Crohn's disease (CD) in a Greek population with IBD. 

METHODS: Sera were collected from 157 patients with IBD 
(97 with UC, 56 with CD, and four with indeterminate 
colitis) and 150 healthy controls. Determination of pANCA 
was performed by a standard indirect immunofluorescence 
technique on ethanol-fixed granulocytes and ASCA by an 
ELISA assay. 

RESULTS: In patients with UC, sensitivity, specificity, pos- 
itive predictive value, and negative predictive value of the 
pANCA test was 67%, 84%, 93%, and 46% respectively. 
These values did not change significantly when the combi- 
nation of positive pANCA and negative ASCA was used. 
ASCA test in diagnosing CD yielded a sensitivity, specific- 
ity, positive predictive value, and negative predictive value 
of 39%, 89%, 54%, and 81%. The combination of pANCA 
negative and ASCA positive increased the positive predic- 
tive value to 77% and it was associated with small bowel 
disease. 

CONCLUSIONS: A positive pANCA test in Greek patients 
has a diagnostic value in confirming a diagnosis of UC. 
Measurement of pANCA and ASCA together has a rather 
limited value in the differential diagnosis between UC and 
CD but may be of help in studying disease heterogeneity. 
(Am J Gastroenterol 2001;96:449-454. © 2001 by Am. 
Coll. of Gastroenterology) 

INTRODUCTION 

A search of serological markers to differentiate between 
ulcerative colitis (UC) and Crohn's (CD) disease has been 



underway for >40 yr (1, 2). Several serological tests have 
been examined in patients with inflammatory bowel disease 
(IBD) including antipancreatic antibodies (3, 4), antieryth- 
rocyte antibody (5), antiendothelial cell antibody (6, 7), 
antibacterial/permeability-increasing protein antibodies (8), 
anti-p40 (40 kD) antibodies (9) perinuclear antineutrophil 
cytoplasmic autoantibodies (pANCA) (10-13), and anti- 
Saccharomyces cerevisiae mannan antibodies (ASCA) (14- 
17). Among all of these antibodies, pANCA and ASCA 
have been most extensively studied and have been sug- 
gested as possible diagnostic markers in IBD. 

The pANCA represent a distinct subset of antineutrophil 
cytoplasmic autoantibodies with perinuclear staining by in- 
direct immunofluorescence; they have been found in about 
60-70% of UC patients and 5-10% in patients with CD (12, 
13, 18). On the other hand, ASCA have been identified in 
raised titers in 60-70% of patients with CD, in 10-15% of 
UC patients, and in 0-5% of healthy controls (17, 19-21). 

The measurement of pANCA or ASCA alone has been 
found to have limited clinical diagnostic value in IBD be- 
cause of inadequate sensitivity to diagnose UC and CD. 
Recently, the combined measurement of pANCA and 
ASCA has been advocated as a valuable diagnostic ap- 
proach in IBD (20-22). 

The aim of the present study, therefore, was the evalua- 
tion of the diagnostic value of pANCA and ASCA, either 
alone or in combination in a well defined racially homoge- 
neous Greek IBD population. The relationship of these 
antibodies with clinical parameters of UC and CD were also 
assessed. 



MATERIALS AND METHODS 

Patients 

A total of 1 57 IBD patients followed-up at the Department 
of Gastroenterology of the University Hospital of Heraklion 
Crete were included in the study (Table 1). Of the UC 
patients 59 were men and 38 were women, with a mean age 
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Table 1. Clinical Details of the Patients Included in the Study 



UC CD Total 



Number 


97 


56 


153 


Male 


59 


33 


92 


Female 


38 


23 


61 


Active 


32 


18 


50 


Inactive 


65 


38 


103 


Disease location 








UC 








Proctitis 


22 






Left sided 


41 






Extensive 


34 






CD 








Small bowel 




17 




Colon 




20 




Small bowel and colon 




19 




Disease type (CD) 








Stenotic 




18 




Fistulizing 




10 




Inflammatory 




28 




Treatment* 








Salazopyrine 


6 


3 


9 


5-AminosalicyIic acid 


76 


35 


111 


Oral steroids 


21 


10 


31 


Topical steroids 


12 


2 


14 


Azathioprine 


6 


9 


15 


Methotrexate 


0 


3 


3 


Metronidazole 


0 


13 


13 


None 


7 


3 


10 



• Some patients received more than one drug. 



of 49 yr and a mean disease duration of 7.8 yr. The CD 
patients included 33 men and 23 women with a mean age of 
40 yr and a mean disease duration of 8.3 yr. Four cases were 
diagnosed as indeterminate colitis. IBD patients were com- 
pared with 150 healthy controls who were matched to the 
patient population for age and sex. These control subjects 
were recruited from among healthy blood donors, healthy 
visitors to hospital wards (Gynecology/Obstetrics and Or- 
thopedics), and normal hospital personnel Sera were col- 
lected from the 157 IBD patients and the 150 healthy con- 
trols. Diagnosis of UC and CD was based on standard 
criteria (23). Disease activity in CD was evaluated by using 
the Crohn's Disease Activity Index (CDAI) score (24) and 
in UC by the Truelove and Witts's index (25). All serum 
samples were stored at -70°C until assayed. 

ANCA Indirect Immunofluorence Assay 
Determination of pANCA was performed by the standard 
indirect immunofluorescence technique on ethanol-fixed 
granulocytes (INOVA Diagnostics, San Diego, CA) and 
according to the First International Workshop on ANCA 
(26). All slides were always read by two independent ob- 
servers who were not aware of the clinical diagnosis. 

ELISA for ASCA 

An ELISA for ASCA was performed as previously de- 
scribed from Sendid et aL ( 1 7). Briefly, phosphopeptidom- 
man was extracted from cultures of yeast cells and used as 
the antigen (19). Plates were coated with 100 jxl of antigen 
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at a concentration of 1 /Jig/ml, diluted in phosphate-buffered 
saline (PBS) supplemented with 1% bovine serum albumin, 
and incubated for 1 h at room temperature and overnight at 
4°C. After three washes with PBS, 50 /il of patients sera 
diluted 1/50 in PBS was added to the wells in duplicate. 
After incubation for 1 h at room temperature, the plates were 
washed three times with PBS, and then 50 fxl of alkaline 
phosphatase goat antihuman immunoglobulin (IgG, IgA, 
IgM; Sigma, St. Louis, MO) diluted 1/1000 in PBS was 
added to each well. The plates were incubated at room 
temperature for 1 h. After rewashing three times with PBS, 
50 jxl/well of p-nitrophenyl phosphate (Sigma), 1 mg/ml in 
diethanolamine buffer, pH: 9.8, was added for 20-30 min in 
the dark at room temperature. The reaction was stopped by 
adding 50 /xl/well of 3N NaOH, and the absorbance was 
read at 405 nm in a microplate reader (Dynatech, Ashford, 
Middlesex, UK). The mean absorbance value (0.235) plus 3 
standard deviations (SD = 0.015) of this asymptomatic 
population were calculated and used as the value to discrim- 
inate between positive and negative samples. This stringent 
cut off point was adopted to preclude the possibility of false 
positive results. Absorbance unit values greater than this 
mean plus 3 SD (0.28) were considered positive for ASCA 
antibodies, whereas absorbance unit values <0.28 were 
considered negative. 

A second evaluation of our ASCA results in CD patients 
was performed in the Laboratory of Microbiology, Univer- 
sity of Thessaly (investigator, A.N.M.), using the Quanta 
Lite IgG and IgA ASCA ELISA kits (INOVA Diagnostics). 
Samples were interpreted as positive (IgG or IgG antibody 
to Saccharomyces cerevisiae detected) if ASCA was >25 
units. 

Statistical Analysis 

Sensitivity was defined as the probability of a diagnostic test 
being positive for a patient with the disease under investi- 
gation. Specificity was defined as the probability of a test 
being negative for a patient without the disease under in- 
vestigation. These two probabilities are known as the oper- 
ating characteristics of a diagnostic test. 

The PPV of a test is the posterior probability of a patient 
affected by the disease under investigation, given that the 
test is positive. Similarly, the NPV is the posterior proba- 
bility of a patient not affected by the disease under inves- 
tigation, given that the test is negative. These two probabil- 
ities depend on the prevalence of the disease in the general 
population (prior probability) and are determined by the 
well known Bayes theorem. 

When discriminating between two diseases such as UC 
and CD, both PPV and NPV depend on the ratio of the two 
prevalences. The prevalences of UC and CD in the area of 
Heraklion are not known, but the incidences per 100,000 
population are 8.9 and 3.0, respectively (27, 28). The PPV 
and NPV were calculated using the ratio of incidences as an 
estimate of the ratio of their prevalences. 

The relationship between serological markers and clinical 
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Table 2. Diagnostic Accuracy of the Serological Tests to Distinguish Between Ulcerative Colitis and Crohn's Disease 





Ulcerative 


Crohn's 












Colitis 


Disease 


Sensitivity 


Specificity 


PPV 


NPV 


Test 


(n = 97) 


(n = 56) 


(%) * 


(%) 


(%) 


(%) 


pANCA+ 


65 


9 


67 


84 


93* 


46* 


ASCA+ 


11 


22 


39 


89 


54t 


81t 


pANCA+ ASCA- 


56 


7 


58 


88 


93* 


41* 


pANCA-ASCA+ 


3 


17 


30 


97 


77f 


81t 



* For ulcerative colitis, 
t For Crohn's disease. 

NPV = negative predictive value; PPV = positive predictive value; other abbreviations as in text. 



parameters were studied using the ^-test or Fisher's exact 
test where appropriate. A p value of < 0.05 was considered 
to be significant. 

RESULTS 

The pANCA were detected by indirect immunofluorescence 
on ethanol-fixed granulocytes in 65 of 97 (67%) samples 
from UC patients and in nine of 56 (16%) samples from CD 
patients (Table 2). Moreover, an atypical cytoplasmic stain- 
ing pattern, which was different from the c-ANCA pattern 
characteristic of antiproteinase 3 antibodies, was found in 
four UC and two CD patients. Three of four samples from 
patients with indeterminate colitis (75%) were pANCA- 
positive. Only one of 150 (0.7%) samples from healthy 
controls was found positive for pANCA by indirect immu- 
nofluorescence. A total of 32 UC patients had active disease, 
whereas 65 patients had inactive disease; 69% of the first 
group and 66% of the second group were pANCA-positive 
(Table 3). The difference between the two groups was not 
statistically significant. In addition, no significant differ- 
ences were found among the three groups classified accord- 
ing to disease localization. A total of 18 CD patients had 
active disease, whereas 38 patients were in remission. Pos- 
itivity for pANCA was 17% in the first group and 16% in the 
second group (Table 3); pANCA-positivity was found in six 
patients with CD (30%) of the colon, in two patients with 



Table 3. Relationship Between pANCA and Disease Activity 
and Localization 



Disease 


n 


pANCA(+) 


pANCA(-) 


UC 








Total 


97 


65 (67%) 


32 (33%) 


Active 


32 


22 (69%) 


10(31%) 


Nonactive 


65 


43 (66%) 


22 (34%) 


Proctitis 


22 


14(64%) 


8 (36%) 


Left-sided colitis 


41 


27 (66%) 


14(34%) 


Extensive colitis 


34 


24 (71%) 


10(29%) 


CD 








Total 


56 


9(16%) 


47 (84%) 


Active 


18 


3(17%) 


15(83%) 


Nonactive 


38 


6(16%) 


32 (84%) 


Small bowel 


17 


1 (6%) 


16(94%) 


Colon 


20 


6 (30%) 


14(70%) 


Small bowel and colon 


19 


2(11%) 


17(89%) 



CD of both small bowel and colon (11%) and in one patient 
with CD of the small bowel (6%). The prevalence of 
pANCA was significantly higher in patients with colonic 
involvement than in the other groups (p = 0.04). 

Raised titers of ASCA were found in 1 1 of 97 UC patients 
(1 1%), in 22 of 56 CD patients (39%), and in two of 150 
healthy controls (1.3%). None from the patients with inde- 
terminate colitis were ASCA-positive. Among UC patients 
no relation was observed between ASCA positivity and the 
various clinical parameters (Table 4). Also in CD, the pres- 
ence of ASCA was not related to disease activity and treat- 
ment. Percentage of ASCA positivity was 59%, 25%, and 
37% in CD patients with small bowel involvement, colonic 
disease, and both small bowel and colon involvement, re- 
spectively (Table 4). Although there was a trend toward a 
higher ASCA positivity in patients with small bowel in- 
volvement, the difference among the localization groups 
was not statistically significant (p = 0.13). Re-examination 
of the sera of CD patients using Quanta Lite IgG and IgA 
ASCA ELISA kits (INOVA Diagnostics, San Diego, CA) 
showed ASCA postitivity in 20 of the 56 CD patients 
(35.7%). Six cases were both IgG- and IgA-positive, six 
cases were IgG-positive only, and eight cases were IgA- 
positive. All negative cases with ELISA made in our labo- 
ratory were also negative with the comercially available kit. 
On the other hand, two ASCA-positive cases with our own 
ELISA were equivocal with the commercial kit. 



Table 4. Relationship Between ASCA and Disease Activity and 
Localization 



Disease 


n 


ASCA (+) 


ASCA (-) 


UC 








Total 


97 


11 (11%) 


86 (89%) 


Active 


32 


4(13%) 


28 (87%) 


Nonactive 


65 


7(11%) 


58 (89%) 


Proctitis 


22 


2 (9%) 


20 (91%) 


Left-sided colitis 


41 


5(12%) 


36 (88%) 


Extensive colitis 


34 


4(12%) 


30 (88%) 


CD 








Total 


56 


22 (39%) 


34 (61%) 


Active 


18 


8 (44%) 


10 (56%) 


Nonactive 


38 


14(37%) 


24 (63%) 


Small bowel 


17 


10(59%) 


7(41%) 


Colon 


20 


5 (25%) 


15(75%) 


Small bowel and colon 


19 


7 (37%) 


12 (63%) 



CD = Crohn's disease; UC = ulcerative colitis; other abbreviations as in text 



Abbreviations as in Table 3. 
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A total of 52 IBD patients (25 UC and 27 CD) were found 
to be negative for both pANCA and ASCA, whereas five 
UC and two CD patients were found to be positive for both. 

The values of sensitivity, specificity, PPV, and NPV of 
pANCA and ASCA, either alone or in combination, are 
shown for our IBD patients in Table 2. In patients with UC, 
the sensitivity, specificity, PPV, and NPV of the pANCA 
test were 67%, 84%, 93%, and 46% respectively. These 
values did not significantly change when the combination of 
pANCA-positive and ASCA-negative was used. Moreover, 
this phenotype was not different among the clinical sub- 
groups of UC. The use of the ASCA test in diagnosing CD 
yielded a sensitivity, specificity, PPV, and NPV of 39%, 
89%, 54%, and 81% respectively. The combination of 
pANCA-negative and ASCA-positive improved the PPV to 
77%. This phenotype was not different between active and 
inactive CD, but it was associated with a small bowel 
disease localization (10 of 17 patients). No patient with only 
colonic CD was pANCA-negative and ASCA-positive. 

DISCUSSION 

In the present study we assessed the value of pANCA and 
ASCA, alone or in combination, for the diagnosis of IBD 
and for the differentiation between ulcerative colitis and 
Crohn's disease in a well defined Greek population. It seems 
that the pANCA test may have significant diagnostic value 
for UC with results (prevalence 67%) comparable to those 
of other European centers (12, 13). The prevalence of 
pANCA in our UC patients was found to be significantly 
higher in comparison to a previous study from another 
Greek area where the prevalence of pANCA was only 30% 
(29). The reason for this discrepancy is not clear. In our UC 
patients, pANCA were not related to the extent or activity of 
the disease — a finding similar to most of the previous re- 
ports (12, 13). In accordance with previous studies (30) the 
prevalence of pANCA in our CD patients was also signif- 
icantly higher in patients with colonic involvement than in 
those with small bowel disease. 

The prevalence of ASCA in CD patients was only 39% in 
our population, which was significantly lower than the re- 
ported prevalence of 60-70% in other studies (17, 19-21). 
There are two possible explanations for this discrepancy. 
Either our ELISA technique is not sufficiently sensitive 
(which seems rather unlikely, after confirmation of the re- 
sults with the commercial ELISA) or, more probably, the 
phenotype of our patients is different from the phenotypes of 
patients from Northern Europe. The present study is the first 
on the prevalence of ASCA in Greek IBD patients. The 
prevalence of ASCA antibodies was weakly associated with 
the presence of small bowel involvement in CD patients, but 
this relationship did not reach statistical significance. No 
other relationship between ASCA and the clinical parame- 
ters of both diseases was found. It seems that ASCA has 
little value in the routine clinical assessment of CD patients, 



but should be reserved for studies in which a more accurate 
definition of subgroups is needed. 

In the small but clinically important population of pa- 
tients with indeterminate colitis, the combined measurement 
of pANCA and ASCA might be more useful. However, in 
the present study we were unable to draw any conclusions 
because of the small number of patients with indeterminate 
colitis. 

Combination of both tests did not increase the PPV for 
UC compared to pANCA alone whereas the use of the 
combination pANCA negative and ASCA positive raised 
the PPV for CD from 54% (ASCA alone) to 77%. The 
diagnostic role of the combination of pANCA and ASCA 
was assessed in one study in adults (20) and in two pediatric 
series (21, 22). Although in two of the studies pANCA and 
ASCA were found to be highly disease-specific for UC and 
CD, in the study of Hoffenberg et al (22) testing for both 
antibodies did not achieve the same degree of discriminating 
power, which is in accordance with our results. The differ- 
ences between results of serological testing in IBD, includ- 
ing our data, can perhaps be explained by the lack of the 
standardization of the methodology or by disease heteroge- 
neity. There are also differences in the controls used in these 
studies. In some of the studies, subjects other than IBD and 
irritable bowel syndrome patients have been used as con- 
trols. However, in these studies, no significant difference 
was found in either specificity or sensitivity of the tests for 
patients compared with true healthy controls. Therefore, in 
our study we used matched healthy controls because we 
believed that they could not considerably bias our results in 
achieving a higher measure of diagnostic specificity of the 
ASCA test. 

There is ample evidence to support the concept of clinical 
and genetic heterogeneity in IBD (31), and various serolog- 
ical markers have been used to characterize subgroups of 
patients. Both pANCA and ASCA have been proposed as 
subclinical genetic markers and a familial expression of 
them has been observed (32, 33). However, positivity and 
antibody titers of pANCA were not related to the extent or 
activity of the disease, and they persist even after colectomy 
(34), being often predictive of pouchitis (35). The presence 
of ASCA also seems to be independent of disease activity. 
There is evidence that pANCA and ASCA could be useful 
in identifying distinct subgroups within UC and CD. Posi- 
tive pANCA in CD patients has been postulated as a marker 
for a UC-like phenotype (30), and our data support this 
hypothesis. Positive pANCA in UC patients have been 
suggested as a risk factor for pouchitis after ileal pouch anal 
anastomosis (35). The expression of pANCA has also been 
proposed as a prognostic factor of more aggressive left- 
sided UC (36) that tends to be resistant to immunomodula- 
tory therapy and often requires surgical intervention. In our 
study, no association between a positive pANCA and either 
active or more aggressive disease was found; however, the 
number of patients with treatment resistant left-sided dis- 
ease was too small (five cases, three pANCA-positive) to 
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draw any final conclusion. In CD patients, ASCA positivity 
has been linked to small bowel disease (20) and our data are 
also in agreement with this observation. It has also been 
suggested that treatment decisions should take into account 
the pANCA and ASCA positivity; however, many more 
clinical studies are required before such a recommendation 
is accepted. 

The present study has shown that a positive pANCA test 
in Greek patients has a diagnostic value in confirming a 
diagnosis of UC. In contrast ASCA positivity has a rather 
limited value in diagnosing CD. Overall, about one third of 
the patients in this study could not be accuretely categorized 
based on serological testing. The combination of pANCA 
and ASCA assays did not offer the high specificity observed 
in other studies. It seems that the combination of both tests 
in our population has limited clinical value. ASCA pheno- 
type has been suggested to show ethnic variation, and our 
findings point to this direction. Although the serological 
tests have been suggested as possible tools for screening the 
general population and groups at high risk for IBD, our 
results do not support this. 

In conclusion, we found that serological testing for 
pANCA and ASCA in Greek IBD patients did not achieve 
the sensitivity necessary for population screening. However, 
these tests may be helpful in identifying distinct disease 
subgroups and may contribute to treatment in the future. 
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